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PREFACE 

In the following pages will be foiftid an attempt to set 
fortln^ timple language, the principles on which those 
phenomena known as “ electric wav^/^ “ sigisalling through 
sps^fte *Vithout wires,*' etc., ai'e dependent No n>ath% 
matical formulae will be introduced^; those who desire to 
invhstigat# the mathematics of shbject are refefted 
t04>!l8r. Hemrich Hertz's classical work, Electric Waves, 
The* subject will be divided into f^r-portions, viz. a brief 
outline of what electricity is ; a shoi^historical sketch ; a 
desmption of the phenomena themselles, with an account 
of Abe appliances nee^pd for their promction ; and lastly, 
constructional details of the various peces of apparatus 

r^uired • ^ 'X . 

As electricians generally, with regjy;d to t^ir views of 
the nsiture of the ipedium tl^ ^|t^h ich theH||i^cal 
.dist{irb«nce,fa|k||^^^e, are into 

t#6""op^ps, ■j^pip ^^^ BB |p g:|^<pafticular hypothesis, 
bat simply the body setting.up 

^ Bottonb.^ 



PEEFACE TO SECOND EDITION 


Great as was the interest awakened by the first 
tflnnouncement of the practicability of Wireless Tele- 
graphy, it has increased rather than decreased with th% 
lapse of time. With a view to satisfy this intey^t, an 
account of PopoflTs recent experiments in the direction of 
^ir^less Teleplxony lias^een embodied in *thiS siew 
edition. 
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following pages We have etide^i^p^^not only td j^ve a 
clear idea of the fiindameiat^ principles, bat al#> to 
describe and illustrate the more recent, devdiopenents of 
“Wave” Telegraphy and Telephony. ' 



PEEFACE^TO FOURTg. EDITION > 

A* NEW chapter on recent impi^vements in Wireless 
^ele^aphy appyatus Jias been add^d, with particulars 
.of a few modern types of coherers, pd the application 
of 'tuning coils and^ capacities, with a formula for ascer- 
taining wave lengtjis. 
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WIRELESS TELEGRAPHY ANiJ 

'•heStzian wIyes 

• CHAPTER I $ 

PR^LijMINAEY NOTION^ 

i 

•§ 1. A CERTAIN^ amount of knowled^ of the laws 
which govern electrical an^ magnetic actio^'^^jp essential 
to the proper comprehension of the phenomena under 
consideration. Without pretending to write a treatise on 
electncity,Ve ^ve here a fclief Outline of the principal 
facts faring o#t^e subject’. Th(^e readers who possess 
a fawr^cquaintance with electrical science can skip this 
chapter.^ ^ • 

§ % Electricity appears to be a vibratory%notion in the 
ultirq^te moHecules of bodies — of this we have no positive 
proD^ but can judge only by analogy. The name is 
derived from Elehtrf^, the Qreel^ for amber, this being 

^ Tilise desirAg fuller information are referred to the author's 
work, • 
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^he substance in'Vhich electrical manifestations were first 
noticed The principal phenomena which are of interest 
to us in connection with the study of electric wave action 
are— -excitation, attraction, repulsion, transference, induc- 
tion, and magnetic <iffects. When by any means we arS 
able to set up an electrical condition in a body, thlafe body 
is said to be e>^cited. '^he means are several: for instance; 
faction, cleavage, change of temperature, chemical acJtion, 
motion in a magnetic field, etc. As examples or^ese, 
we may take the foilg^ing — o o ^ / 

(1) If we rub briskly a stick ef sealing-wax with a dry 
flannel, we shall find that it acquires the property* of 
attracting light bodies, and of giving feeble sparks if 
the knuckle be presented to it. ^ o 

(2) If a roll of brimstone be broken across the middle; 
the broken surfecjps will generally be found to attikit. 
strongly light Jj^iflies ; and many natuial^crystols, if riven 
along the line of cleavage, will exhibit similar properties. 

^(3) If some melted sulphur be poured into a dry egg- 
cup, a stick being helcj centrally to serve^as ^a hpmd^ it 
will be found on withdrawing the sulphur^ when it tas set^ 
and is cold, that the' uiifler surmce is strongly electrified 

(4) If a plate of zinc and one of copper be immerUf^in a , 
vessel containing dilute sulphuiQc acid, or any oth^ fluid 
capable of ailing on the zinc, and^the two be ^ 

connected together outside by a wire, a curfent ofiielec- 
tricity will flow along this wird, from the copper td the 
zinc, and in the fluid ferom the zWeto the co]^P3|i. 
the existence of this electrical flow may^be by < 

appr6|)riate means which wilFbe descriiie^|^ter oiu 
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(5^ If we coil a few hundred feet of cotfo^-covered copj 
wire round a bobbin, in the same manner as cotton 
‘wound on a reel, and brii^ the free extremities <ff t 
wire very close to one another, and then move this bobl 
sharply before the poles of a powerful horseshoe magn 
acrossfibhe imaginary l^pes of force, connecting the t\ 
‘poles, this motion will set up an glectricaWisturbance 
th^ wif6, which will be evidenced by •the occurrence 
bright sparks at the gap between the two ends of the wii 
everj timejihe bobbin is moved totfsrirom the magnef. 

4^ot all bodies allow •electricity to pass freely alor 
them. Some offer very little resistance to its passag 
^d^hence are cajled co^uctors, Othj^rs, on the contrar 
. present great resistance to its passage, and are therefoi 
‘ca’Bed non-conductor^ nr insulators. As in all probabilit 
. el^btricity, like light and heat, is ^mply a vibrator 
motion iip the ailtimate particles of matV^r, we can we: 
liken the efectrical conductivity of certain llodies to th 
fisicility which many elastic bodies have in transmittifi^ 
sound. # 0 / Jn^ance, nearly ajl th^ hard and elastic bodia 


"""^re s^orous a^ transmit sound easily — a stretched stee 
wite, 5 hard dryi road, etc., are Ifeamples nf this ; while 
bofidf which do not enter into vibratjpn freely, as mois^ 
clay, itft'Wdust, cotton-wo4i, etc., as they esmnot take uj 
* the^jBlSund vibrations, are practically noiTconductors ol 
so^nd. The best conductors of electricity are the metals: 
apaohg the worst are dry air, resinous bodies, such sug 
shefliU^ gntta-percMi, indiarubbeil'^ and its congeners, also 
sulp^'idTi etc. •Of the metals, ml ver is the best conductor; 
while paraffiil is one ^ the solid bodies whi<lh pre- 
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s^ts the highest resistance. If we express the resistance 
offered by silver to the passage of electricity as 1, the 
resistance of paraffin wax and of shellac is certainly not* 
less than 1,500,000,000,000. ft must be borne in mind, 
however, that there® is no 'perfect conductor and no 
absolute insulator ; in other words, the best condufilsir we 
have presents ^me resi^nce to the passage of electricity, ’ 
vdiile/'On the oth^r hand, the best insulator wilPpeiftiit 
the passage of some electricity; in the same way, as if 
.we stuff our ears 'with cotton- wool, ©or ins^b sawdust 
between our walls, in the hopes* of deadening a souKd, 
some vibrations still reach our auditory nerves and sorae 
sound is still heard. A short tabjp of the principal con- 
ductors and non-conductors, beginning with* the former ^ 
and ending with ^e latter, the indifferent ones takihg * 
the middle place, is here inserted: — * ^ 


metals, as- * 


< Metajilk salts ^ 


SilveJ 


Linen ^ 


Copper 


Alcohol 


Gold 


Ether 


Aluminium 


^ Dry wodf! • • 


Zinc 


Dry ice 


Brass • 


Metallic oxides 


Platinum 


Ice at 25* cent. 


Iron - 


^ Fats and oils 


Nickel 


Indterubber 


.Lead 


Gutta-perch^ 

Antimony 


Dry air 

Bismuth 


Wool 

Graphite 

0 

® Ebonite 

Acids 


Diamond ^ 

1 

letallic sulphides 


« » Silk 


Vater 


aia*P 
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Wax 

Salphur 

Eesin 


Am1»er 
SbellaS 
Paraffin wax 


§ 3. It will be evident from this, that if we attempted 
to exqjte a metal rod held in ona hand, by rubbing it 
witlyA piece of flannel or silk, we should obtain no 
manifestations of electncity, because, both»the metal and 
th# ha*id being good conductors, wfeat electrici^ Mjps 
evoked by friction would flow away through the rod and 
the body^to the earth. To obtajjjitfiny evidence ofrthe^ 
eJ^(?Erical disturbance sgt up in the metal rod, it will be 
ngaassary to insulate ^ it and cut it off from connection^ 
with any other conductor, by fitting to it a handle of 
soifte non-conddctor,, such as a rod*of glass or ebonite, 
llien on rubbing the^metal rod the usual manifestations 
ofc electricity can bo obtained. With insulators or non- 
conductojp this precaution is not necessary, since the 
electricity glicited on friction cannot escape ^o the hand. 
If we excite a stick of sealing-wax by rubbing with a piece 
of djry^flannel, we shall find on presenting it to any light 
boSigs, silcb ^ small bits of paper, pith, or straw, that it 
V^ll first attreSt^these strongly, after fiaving been in 
c(%t«<5t with them for a short time will as strongly repel 
theik. In like manner^ rod of glass rubbed with silk, 
wilfc fiist attract afid then repel light bodifs. If, however, 
in j[)erforniing these experiments we place the pieces of 
{^^r on a sheet of ebonite or a pane of glass, which, 
being insulators, ^fill •prevent tj^e pieces of paper, etc., 
Iromf^osing gny charge they^ay have taken up, we shall 
^ Prom fxi Wand, “ cut-off from all other land by flie sea.^ 
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ijptice a very peciJliar fact, namely, that a piece of paper 
that has been repelled by the excited sealing-wax, will be 
attracted by the excited glass, while, on the other hand, 
that piece of paper which has been repelled by the 
excited glass, will bo attracted by the excited ieialing* 
wax. From this we gather that although both thfeVseal- 
ing-wax and the glassware electrified, jet there be 
seme ^ difference in the electrification; and if agree 
to call the electricity of the glass positive^ and that of 
the ^sealing-wax neg/Utpx, we can lay (Jown the© following 
law: — Bodies charged with electricity of like name repel 
one another, while those charged with electricity^ (iof 
different name attract one another; or we may put the 
matter more briefly, though perhaps not 8% exactly, by 
saying "like electricities repel, unlike attract/* ^ 

§ 4. It must be noticed here that when by any meaus 
we set up a charge of electricity of eith;pr naic^e in any 
given body,, we always call forth a similar charge, but of 
contrary name in the body which produces excitation. 
Thus on rubbing the sealing-wax rod with Jlannel ewe f?all 
forth negative electricity on the sealing-wax and positive 
on the flannelyrjind in case of glass rul^bed with silkf 
the former becomes positively and the latter negcH!|y§ly 
electrified. r 

I 5. By transference is meant the actual pas^^ of 
electricity from one charged body to another. Ttcan toly 
occur between bodies that are conductors. When t^^n^- 
fer^ce occurs suddenl'if^xt is gei&rafly spoken, a 
'[discharge** ; when it is effected slowly ai3fii 
Oontinility it is termed a ''flerSl* or a When it is 
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desired to make use of a mrrenty it is* usual to employ 
wvre^Xo effect the connection between tHe positive anfl 
negative bodies, as the wire, being a good conductoi^ and 
presenting but little resist^ce, wastes but little elect^Kc 
^6rgy%, In the last section we pojnted out, that when- 
ever .ye set up an electrical condition (either positive or 
negative) in one body, we also produce an^opposite con- 
dition im another body : so, for the sake ^f illustrating what 
relation the two phenomena of excitation and transference 
bear to on^ another^ we may liken e^itrfition to the pumping 
Uft 8'f watSr from a p<jnd, into a vessel standing at a* 
higher level. The vessel will then be positive, and the 
pond negative. We have not produced any water, but 
simf)ly altered fts level. If now we knock the bottom 
oust of the vessel, so that the water, finding no appreciable 
reaistance to its passage, suddenly returns to its original 
level, we ijave an eKample of " discharge or rapid transfer ; 
but if instead we epen a small hole in the vei^el, the con- 
tain^ water again finds its level, but slowly, as a fine 
str^anv and this exemplifies an electrical current. In 
everx case,^then, transference, wliether it take the form of 
\ sudden disclfa^e, or of the slo^^er and steadier current, 
alwfi^* indicates that a levelling up of a difference in 
electrical condition is t^ing place. There is one point 
which it is imporillnt to notice with regsftrd to the more 
suddw fottns of discharge, and that is, that just in the 
way as when, if we raise a body of water from a pond 
to SfCpie height, ai^ then let it |piddenly fall back again, 
thf;i^|!per does not immediately come to a dead level, but 
reboundei splashing up again to some extent, producing 
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surging waves, which only gradually die away, so a sudden 
electrical discharge does not immediately result in «Pdead 
electrical level, but sets up electrical “surgings,” of 
ifafinitesimally short duratiorf, as compared to those set 
up in the case of ws^er, nevertheless not only capable oY 
measurement, but also endued with far-reaching p^^vers* 

§ 6. The phenomenon of induction is the one to which 
particular attention must be directed, with a^*view to 
obtaining a clear insight into the principles which underlie 
electric wave signaUine. « o 

The French name for induction is influence^ anS this 
really gives us a very fair idea of what the effect is, We 
may define induction as being ‘*the action which an^ 
electrified insulated'' body has upon alf ot^lier bo<fies.'' 
This action (like all others de]j.endent on radiating* 
forces) will diminish inversely as the square of* the 
distance. The inducing body must be^n^ulated from the 
body induc^, otherwise transference of ** discharge ” will 
take place instead of induction. A medium of son\i^ kind 
must exist between the inducer and the induced <} Jbut . 
provided it be a non-conductor sufficiently resistsmt to , 
prevent direc|? transfei;^nce, induction iwul take <place. 
We are not able to produce a perfect vacuum ; bWt/^he 
highest vacuum we can produce,(pr of which we have any 
cognizance, peAiits inductive effects to*^take place tnrdhgh* 
it. From our knowledge of other phenomena* it is,> how- 
ever, highly probable, that were it possible to procl||be* a 
perfect vacuum^ id est, a t|pace v^iih\othing in it, induction ^ 
would not take place across i^at space. Hence, aa^duc- 
tion istfound to take place acibss everj^npfim space, the 
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modem theory is that a subtle, weighttess, and highly 
elastic^medium, to which the name of ether has been 
giren, pervades all space. Now for facts. If we take a 
large metal ball, and suspenH it by a silken thread, we^^ 
cSa. charge it with positive electricity, either from a 
rubbedVglass rod, or the positive conductor of any elec- 
trical machine. If now we bring near it (i>et touching) 
anotkbr ilftiulated brass ball, we shall find« 3 that this secipndj 
brass ball acquires and retains, so long as it is near the 
first o^e, certain electrical propertie^j^ in the first placb, 
we shall notice that the surface of the second ball which 
I is nearer the first or charged ball, is negatively electrified ; 
'wjiile the further side ^ in a positive condition. This 
can be shown even more strikingly by using ttvo suspended 
instead of only^ 0510 for the second ball. In this 
case^he two balls are kept together by their silken sus- 
pensions while appfoaching the charged ball, and in a 
line with th« direction of approach. If they now be 
separated before they are withdrawn from the infiuence 
' of the charged bp.ll, it will be foun(^ on testing, that the 
b^ll that was nearer the charged ball will have acquired 
a negattve charge, ewhile the furthet ball wilUbe charged 
positiwd^. No matter at what distance the charged 
or inducing ball shall betplaced from the others, this 
Effect Vill always take place provided no good conductors 
intervene ; but of course as the distance increases, so the 
effectjiapidly diminishes. What is this action ? Does it 
really t^e place without any injtermediary ? A little 
»cohsiddmtion vAll show that aeUon at a distance without 
any medium t^ pomrey that tetion is a physical imj^ossi- 
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^bility. The aii? we know, is a non-conductor, so there can 
be no transference; and even if it permitted tlfe slow 
passage of the charge from the inducer to the induced) 
^this would not account for the opposite condition of the 
.nearer surface of #he induced body. Clearly then the 
air or other surrounding medium must play a putt, and a 
very important part, in this action. It will be remembered 
» th*^ we have noticed that " like electricities 9epeb and 
unlike attract."' Now if we have a positively charged 
ifisulated body, it* ^ts upon the mplecules <jf the air or 
other surrounding medium, polarizing them, and casing 
them to present their negative faces to the charged J;>ody « 
(by the attractive effect of the jgositive for the negative),* 
while the positive faces are turned the bppqpite way^under 
the repulsive influence of the pos^ive upon positive. » No 
discharge can take place, since, as we have seen, aiwis a 
non-conductor, but each molecule of air in Jike manner 
puts a strain on its neighbour, until the aurface of the 
induced body is reached ; forming as it were a chf^n (or a 
number of chains) of jjolarized air molecules, reading from 
the inducer to the induced body. This slraln in its turn 
puts a stress upon tb^ conductor, whicfi constitutes the 
induced body, and Us molecules can part with the# ^feTain, 
being conductors ; the final efject is that the fai^M th^ 
induced bod^ becomes negatively (9iai;ged, the^pl^tive^ 
electricity flowing to the opposite extrenfity) this 
condition of things obtains as long as the ^barged 
inducing body is in it(§vicinity. ^ Asisoon as, the 
body is removed, or in an^ way discharged, the on 

the Medium, being relieved, things (c^frer a few 
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surges, BO rapid as to be almost imperceptible except by 
the mos% delicate appliances) to their original condition. 
Of 'course if the induced body consists of a number ^f 
parts originally in contact but ‘^afterwards separated from 
one another, before the removal of the inducing body, 
then thfe'^nearer parts will be in an opposite electrical 
condition to that of the inducer, while^the further -portions 
will b^foufid charged with electricity of li&e name. Ajptd 
this latter statement holds good whether the inducing 
body Uncharged negatively or positivg^yp « 

§ It is not within our province here to give an 
account of the many pieces of apparatus or divers applica- 
tiofis to which this proper^ of electrical induction can be 
put; we wish, however, to emphasize in the reader’s mind, 
th^it Ifhe presence of a^ cj>arged body immediately reacts 
on a® surrounding bodies, by putting a strain on the 
molecules of Ahe ciyciftnambient medium, which strain in 
its turn reacts %n the^aolecules of the bodies subjected to 
its influence. 

f v§ 8^ A.»Qther property of electr^ity which must be 
noted in*this con|ection is that every current, nay, eveiy 
maiiifest^tion of electricity, is accompanied by magnetic 
effects. 1[n point of fact we may lay down broadly that 
magnetism is but one aspect of electricity; and that 
^ene^r a current of electricity is set ifp, magnetic 
conditions exist at right angles to the direction of flow. 
It is dtey to verify this statement. A piece of copper 
wire in ite ordinary cAidition has i|p attractive influence 
mi iron mings (It magnetic bodias ; the same wire when 
traversed by a^^uwent will^be found to attract ^on 
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filings and t& behave magnetically. If we coil some 
insulated wire round a small ruler or pencil so a§ to pro- 
duce a long helix (from which the pencil, etc., may* be 
afterwards removed), a cufrent being sent through this 
helix will impart do it strong magnetic properties, pre- 
cisely similar to those of a bar magnet. This ifiagnetism 
lasts as long as the flow of electricity is stronger in pro- 
portion as the<i current is stronger, and ceaSes ^th ite 
cessation. Lastly, if we place some iron filings in a tube 
hround which we^^ave loosely opiled soigie igsulated 
copper wire, on sending a current through the wi»0 the 
iron filings will be seen to arrange themselves in K^es afe 
right angles to the flow of the^^current, while the entire 
tube under the influence of the current^will exh‘ibit all 
the properties of a magnet. ^ ^ '^ * 

The main facts we have to bear in mind are, thafP elec- 
tricity appears to be a species of w^ve i»otion iif 'the 
molecule^B of bodies ; that we have rifany m^ans of setting 
up this wave motion. That not all bodies convey thk 
wave motion equally well ; those that transmit ito fr^Gl^ 
are called conductors ; those that presei^ great rasistap^ 
are termed insulatore^ or non-conducters ; that induciion 
is the result of strain or stress put upon the moRcules of 
the medium by the presence of a charged (rapidly 
vibrating) body, which strain or stresa sets up a^imil^S 
vibrating motion (electrified condition) in bodies in con= 
tact with the medium; and that this strain or t^ress k 
always accompanied magnetfe effects, and often affecte 
largely the conductivity af the bodies th^selvia , « 
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CHAPTER II 

HISTORICAL CONSIDERjeriONS 

o 

§ 9. The action of a charged conductor on other bodies 
inits vi<gnity knowgi in the early pg^t of the eighteenth? 
^entuijr ; the Leyden jar waa described by Kleist, Cuneus, 
and MSschenbroeck about 1727, and from the notices 
gfiv^n bv several experimeqjbers of that period there is no 
doubt that the phenomenon of the lateral discharge, which 
is in itself an evidence^of-)the influence which A disturb- 
ance i® the electrical condition of a given body produces 
^on tiiat of the sur^pithding l^odies, was also well known. 
We have an iSustrafion of the apparatus req'^ired to 
produce ^i^iis effect in a work entitled An Essay on 
Geq. Adams, published^ in 1780, at Fig. 66, 
4, where* a ^eries of conductors not touching one 
another, find at a ceftain distance frcim a charged Leyden 
jar, are sllown to allow^a spark to pass between them, at 
the instant that the jar is bfing discharged bv a separate 
^char§ing rod. Bow far this disturbing effect influenced 
the sunrounding medium does not appear to have occupied 
the attrition of these early experimenters, and altihough 
the possibility of prodftcing inductii^s effects by means of 
the j^d(^ disdharge of so-calkid “ static charges has 
been^i^wn exp|j;>meiitally by^atteucci, yet the bearing 
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of this importfinfc fact on the problem of transmitting a 
signal through space not connected by any other medium 
but the intervening air does not appear to have struck 
any one of them. In 1853^ J. B. Lindsay proved the p^i* 
bility of transmitting a message across water at points 500 
yards apart, without continuqps wires ; and hS'^atenteif 
this inventton in 1^54. But this can hardly be clasited 
with the phencrmena which we now understanff bjT** wire- 
less telegraphy ” ; and even the results obtained by Mr. 
Preece between ^§^^4 and 1894, and that^oulmiijated in 
his induction system, which consists virtually m the* 
inductive effect of a wire carrying a momentary 'current*' 
of electricity on a similar wire jt a distance from the %3lJ, 
but parallel to it, has but little affinity with the methods 
at present adopted. Riess and ^Henry, in 1842, Had 
pointed out that the discharge of a Leyden jar wa'Ss^ot. a 
Sudden and complete leveljing up** of the^differencC of*^ 
potential' between the coatings o? the «^ar, but rather 
partook of the nature of a principal discharge in one 
direction, and theuca series of surgings bqolswSttrds ancfj 
forwards, until equilibrium was obta^ed. F<edderpn; 
Paalzow, and others, notably Oliver Mdge, pro^^ experi- 
mentally the e^jistence of these surging waves ^ripg the 
discharge; and showed thata<«i the resistance of the Circuit 
increases, the number of these alternating iRi^hafg^l 
decreases, but at the same time their duralion i|^||r^ter. 
It was also known to Heniy the great distance w whidb 
the inductive effee^|bf these ^Ui^ing discha ^ j^/ could 
extend, for he calls atteutipu to the feJtt thai^' ^ini^ 
BpaSk of about an inch m Iwgth froi< conductor 
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of a machine passing to the end of a circuit of wire placed 
in an ^pper room, produced an induction sufficiently 
powerful to magnetize needles in a parallel circuit of iidn 
placed in the cellar beneath, at a perpendicular d^tance 
of 30 feet, with two floors and ceilings, each 14 inches 
"thick, infSrvening. This discovery of Heniy’s, important 
as it was, lay dead and without practical appliJhtion, until 
the attention of Dr. Heinrich Hertz, of^Carlsruhe end 
Bonn, was directed to this subject, in consequence of a 
prize \^ich Jbad beer^ offered by th^ Berlin Academy of 
'Science for the elucidation of the relation which exists 
'ietwoeii dielectric polarization and electro-magnetic induc- 
tion. By means of a sj^ries of masterly experiments, 
following upon j careful reasoning, Dr. Hertz, between the 
years^ 1886 and 1891^ placed our knowledge of these 
.el.ectrx' waves and their effects on surrounding bodies on 
so firm a btjsis asj U) have enabled us to put them to 
practical use. ^The author has ever been of opirvion that 
no knowledge is so easily acquired or can be so thoroughly 
^^Jetain^d, m that following actual experiment ; and for that 
tOftson biS reproduces here illustrations of the principal 
exporixm^ts leadii% up to our present knowledge of 
electric "^ves, and strongly recommen(Js those of his 
readgipi who have not hitl^rto performed these experi- 
make practmal acquaintance with t^em now, as 
by thia^meanslihey will obtain a grasp of the subject that 
no anw^t of mere book knowledge will ever give them. 

I I l<k The phenomehon^of the lateral discharge^ as illus- . 
^^ted ih Geor^ Adams' work, easily demonstrated by 
as showh^in our Fig. 1. A charged 
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Leyden jar is pf^ced on an insulating slab (a sheet ofglag 
or ebonite will do), and in close proximity to it afid eac 
other, but not actually touching, are two elongated cor 
ductors, the last of which may be connected to earth. 0: 
discharging the jau by means of the discharging rod, am 
more especially if a chain intervene between the oute 
coating of the jar and the discharging-rod, a bright sparl 
will be seen to pass along the gaps between th^ tv^ con 



ductors, and also between the outer coatipg of tfee^ieyden 
jar, at the instant that the jar is discharged, 

Another mode of pioducing'^an elecMcal distuAance in 
a neighbouring^ody and of giving evidence of dis- 
turbance, is ^hat devised by JJatteucci ; in which 4 disc 
of glass about one foot in diameter i» siH)portecPon atf 
insulating stand in a vertical position. On the fece of 
this disc is coiled, from the centre to the circumfi^nce, a 
Spiral of well insulatsed copper wire, starting from per- 
foration in the centre of <dhe plate aM t#minatmg in its> 
circumference. Each turS of the^^wi^jrf besides being 
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insulated by ite: silken covering, is imbedded in shellac, 
applied in the form of thick varnish, in many coats; each 
being allowed to dry before the next is applied. The slsse 
^of this wire may be No. 20 dr 22 B.W.G. The extremi^es 
of this wire are brought out at the back of the disc, and 
made to terminate in brass balls. A precise)^" similar 
disc, wound with finer wire (No. 34 or 36), terminating 
in brass handler, is placed facing the first distf. Qa dis- 
charging a Leyden jar through the coarse spirals, an 
experimenter, holdinqf the handles connected^ to ^e fine 
wire spirals, receives a distinct shock, which is greater or 
dess according to whether the discs are near together, or ^ 
far apart. Fig. 2 illustrates thi| apparatus, and the mo^e' 
of using it. Preece’s method of tefegraphing without 
wires is very similar to this, and d^g^i^ds, like it, upoii the 
induction set up by a momentary current along ’a 'wire 
through the air, or other ^ intervdhing dblectric and 
another ^ire lying parallel to it, but at v -t considerable 
distance. The nature of the apparatus to be-^nsed is 
shown in our Fig. 3„ in which A repres^ts ^ battery 
other source of electricity; B, a tapping-key, or^ similar 
means of making or b^-eaking contact liapidly ; while O’, 0i 
and C" constitute a triangle formed of a lengtlf* of wire 
suspended horizontally at the, points P P'. It is e^&ent 
that on closfng the key B and releasing it, a mon&ntarjr^ 
current will flow along the triangle, ll faciiig ^this 
triangle, at a distance not exceeding the length ^f .the 
wire G between P there b^ a Similar wire triangle 
D jy jy connected to a galvanometer, or afiy other current* 
detebtor, each time that coi^ct be mad^ or brokejg^t B, 

fi ^ 
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Itho induction set up through the mediijjpft will induce ^ 

( momentary current in the opposite directiSn along the * 
wire Df and give evidence of its presence by a deflection 
of the needle of the galvanometer G. This is illustrated* ^ 
in^our Fig. 3. As it is not very e%sy to perform an 
fexperim^tit demonstrating satisfactorily the oscillating 
nature of the Leyden jar discharge, we do net illustrate 
Here the naeans by which this can loo effected ; but refer ^ 


T 



our readers to the wery clear explanation of this subject 
given uilder the heading of " The dischar|[e of a Leyden 
jar,” In Oliver Lodge's wor^, Modern Vims of Electricity. 
'^ere We need oi^Jy tnention that it is in 5ur power to 
modify the rafe of the oscillations which take place during 
the di^harge by altering the size of the jar, and that we 
can in like manner coUtrd! the dural^on of these oscillations 
Jby inserflng better or worse conductors in circuit. 

§ The faSt^tha* iron-filiftgs enclosed in a tube would 
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take up a set position on the approach of a magnet or of a 
magnetic field, set up by a wire carrying a current in its 
proximity, has been known for nearly a century, but 'the 
discovery of the power which a static discharge has of j^ro- 
ducing a somewhat similar effect (accompanied by a great 
increase in conductivity) in metal-filings, and, fact, in 
almost any small metallic bodies in close proximity to 
each other, thoagh, of course, at a distance frGm the dis- 
charging body, is of recent date, and is due to M. Branly 
and Sig. Righi. <A^vantage was taken of this by ghunder 
Bose to effect the explosion ofc powder and the ringing of 
a bell by a local current at the time that the re'ii 9 tance>' 
of the filings, etc., enclosed in the tube was lowered by^h6 
impact of the electric waves. „ 

Branly has quite recently shown that a tub^ c6n- 
taining a number of small, well-polished balls,' dmilar 
to bicycle bearing-balls, has /esistonce greatly ’ 
lowered on the reception of thesb eleciJic waves* To 
Oliver Lodge is due the merit of the discovery that 
this newly imparted ^conductivity is imgairejJ if 
tides, be they filings, small metal balls, or dmply>metallm 
surfaces i^ loose Qontact, be mechanically agitated ; 
or in other words, that the electric agitation appears to 
cause the particles to cohere, ^nd thus allow the electric 
current to flbw freely, whereas mechanical agitatiofl ipen^ 
to separate the particles, or " decohere ” tfiem, %hm ren-- 
dering the passage of the current more difficult, ^o show 
the effect of a magij^tic field %n ?^ron-filings, it will be 
suflScient to procure a ]dece of glass tubfe abo^ 8" long 
and* a bore, fitted with cork ee^cK end. jpbving 
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pearly fitted the tube with rather coarsb^ iipn filings, a 
fielix of about half-a-dozen turns of No. 20 cotton-covered 
|virfe is wound tightly round the e^ctremity of the tube, ff 
|io\!^the tube be laid flat on the table, and contact be made 
|)etween the free ends of the helix £ftid the poles of a 
single bronromate battery, pr a dry cell, ?lt the instant of 
making contact the filings will be seen to take-up an end 
to end*^osi<Ion. The same effect will resiflt if, instead^f 
using the helix and battery, the pole of a magnet be 
drawn *^er tube longitudinally. show the effect 
•of a aptatic discharge taking place at some distance from 
*the tiib% containing filings, the following simple experi- 
ment may be made.^ A sl^prt piece of glass tube is fitted 
as .before with acork at each end. The size of this tube 
may be 1 long by f ".bore. Through the centre of each 
.cork iff pushed a piece of No. 16 copper wire, bared and 
cleaned. Th% tube iS the]\nparly filled with iron-filings,^ 
the corks put Ik and the wires adjusted so as nearly, 
but not quite, touch each other in the tube. This tube, 
^hich Miail^ henceforth cajl a “ coherer,” is now attached 
in a horkontal position to one terminal of an ordinary 
electric Bell by one1)f the protruding wires. The bell is 
connected to one pole of a battery by its fi^e terminal, the 
other pole of the batt^y beii^g placed in conlgict with the 
^fee wiife of the coherer. The wires, passing through the 
tube qP the coherer, are now approached to each other by 
gently pushing through the cork, until the bell just rings, 
and then^ gently separated, until ♦he bell just does not 
ting. Things l||ing thus arrangffd, a charged Leyden jar 
/ 4Img8^ustt>e perfectly clean and free from grease. 
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of about one ^’,nt capacity is brought within six or eight 
'■inches of the coherer, and discharged at this distMice by 
fiieana of an ordinary discharging-rod. The electric, Waves 
set up by the discharge of the jar will be found suffi^e&t 
to cause the particles in the tube to cohere, thus, allowing 



the current ^0 pass from the bott6in ^ the bell?whicK^ 
will ring and continue ringing until tfie filii^ are 
“decohered'^ by tapping the tube. Fig. 4 givea » good 
idea of the arrangem^ll requiretK ® 

§12. The importance ©f having the '‘refceiver^ ayntqnTA 
ized«or "put in tune** with the vibration rate oC the 

* O 1 
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^lectrio waveif^set up by the transmitter^as early recog- 
mized Sy Hertz {Sitzung^er, d. Berlin, AkaSem,, Nov. 10, 
1887). Oliver Lodge (1890) described a form of receifbr 
©Cjgmstmg simply of two long copper rods, suitably sup- 
ported ; .and these may be taken as tlie prototypes of the 
wings^ or wave collectors of the m«re modem forms 
of electric wave telegraphs or signalling^ appliances, 
{lobirflbn Sit about the same time devised an instrum^nt,i 
which he designated the “ electric harp/’ consisting of 
about* fifty •strips o4 tinfoil, each ^beut 12" in lengfh 
and wide, fastened down in parallel rows on a sheet 
of glaSs by means of any well-insulating varnish. The 
e^ges of the strips, at both ends of the plate, are con- 
necteJ together by a long strip of tinfoil, and then the 
strij® are separated^ by a diagonal razor-cut, so as to 
divide* them into lengths varying from to 12". Owing 
to the varying capacities of^these different lengths of the 
tinfoil strips,ziRobidlon’s " harp " responds to ^ibrations 
extending over a very considerable range of wave lengths, 
as is*shoiiri]||by the production of minute sparks along the 
^gaps pifoduced Jby the razor-cut, on the discharge of 
allhost ^ny charg^ body in its viainity ; and the author 
has takSi advantage of this property (of varying resonance 
by varying the length oj receivers) to perfect a very 
Hielicfifte form oftconerer, which will be described in the 
seo^iinb dedi^ted to constructional details. To Hertz we 
are hiH^ebted for our knowledge of the capability of these 
electric waves bein§ rSflected lijie those of light and 
*of S0un3 (188») ; and Oliver Ledge (1892) has arranged a 
simpile form of, parabolic nfirror, with suitable viBratoi 
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^and receiver, to^^prove the possibility of femittii^ and 
receiving a parallel beam of these Hertzian waves by 
rejection. To both Oliver Lodge and Hertz are due otir 
Cognizance of the fact that good conductors (metals, e^.) 
interposed in the f» path of these waves, annul their 
inductive influenoa, while insulators oppose littfi or no 
obstruction.*^ 

f Quite recently (January 1900), Sig. Emilio SuaAai, of 
Trani, has shown that it is possible to extend greatly the 
ui!eful range of the> IS^arconi form of i^-eceiver^tby uigpg in 
conjunction with it a peculiar form of “ relay,*' o», as 
Guarini calls it, repeater.** This would appear to Consist 
essentially in a very delicate form of relay (see § 30, Fig. 
30), in conjunction with a coherer (§ IS^Fig^S), which, on 
receiving the impact of the wave qy waves from the t&n^* 
mitter, automatically closes the circuit with another coil 
battery and transmitter, and thus retrto^jmits the message 
to a greater distance. * it) 

§ 13. We gather then, from the foregoing T4mm4, that 
to no one man alone is due the merit of havipg«pte.Qjed a 
new means of signalling at a distance within our^grasp 
but, rather^ ,that the intelligent ^ application of isolated 
discoveries by such men as Nollet, Faraday, Henrj^ Bighi, 
Preece, Bezold, fiertz, Branly^ and Lodge, has enabled' 
Marconi to perfect that system now known as ** W&^less^ 
Telegraphy.’* ^ 
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CHAPTER III ® 

9 

ON THE HERTZIAN WAVEg ^ ^ 

§ 14 The subject under consideration has much in 
comm'(gi witl^ ordinaiy wave motioi^eaS we see it exem- 
plifi^ in the ripples on the surface of a pond, or become 
cognizant of it as sound, a form of wave motion in the air, 
'oi^other bodies. In ordej to render the matter as clear 
as possible, attention will be first directed to those waves 
with^hich we are mpsfe familiar, and thence, by analogy, 
we wHl pass on to other manifestations of wave motion, 
which, not l^ing sk) easily, gjasped by the eye or the ear, 
are not so refWily recognized as belonging to ijhe same 
category.* 

' § liS.* K i^e throw a stpne into a pool of water, the 

ix^ption ^f the s^ne translates itself into a wave move- 
ih^ht ofl the surAce of the watet, and this motion is 
propagated in all directions from the pl^e at which the 
water was struck, in ringjike waves, or i;^ples, which 
%ecre«Se in height until the undulation reaches the edges 
of pool, where, as the material against which the 
waves Jstrike is incapable of taking up the same kind of 
wave or ^vibration, tfie effect appirently ceases. These 
Waves are, hm^ever, capable of* doing some work, as is 
rendered evident, by •the bobBing up and down of a piece 
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iOf cork, of l^a^, or any other light substances^ which 
chance to be floating on the surface of the water. If, as 
at the seaside, these wavei^ happen to strike against* a 
material which is capable, even in a small degree,^f 
taking up this undulatory motion, such as the ^hifting 
sand, the waves e’ipend their energy in rippling the 
sand, as all* familiar with the seashore will have noticed 
•when walking oh the sands and following the^retr^ting 
tide. These waves are very sluggish, and take so long a 
time to travel, that tfee eye can easity follo% their potion 
and readily count how many Vaves follow one another 
per second, or per minute. It is in our power, usifig a 
more elastic medium than wat^, to sgt up other jvavas, 
which follow one another in very much more rapid sug- 
cession. For instance, if a gong «be struck, the %lo*w 
causes it to vibrate, and in turn to set up waves & the 
surrounding air, and as we ara provided with S beautifully 
delicate arrangement of nerves in our ear^ which nerves 
are capable of taking up these waves, and vibr^ing in 
unison with them, provided they be not# fewer ^hi» six- 
teen nor more than 44,000 per second, we become cogni/ 
zant of a something Vhich we call BOtind, whictf is the 
work done by the impact of these waves on the tympanum 
of our ears, apd thence transmitted ]^y suitable nerves to 
the brain. Of the actual energy or p6w^ Jio do work, 
which even these comparatively speaking sluggish |bund- 
waves possess, provided they impigge upon a body or 
bodies capable of entsilug into the same rate of^phroHm, 
the following examples Aay be given : — singer with a* 
powerfol voice, if he or she sing loudly near a wine-glass 
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a not^ corresponding in pitch to the^^ihfation rate o^ 
note given by the said wine-glass, will cause that glass to 
enter into vibration, and in paany cases the waves set^ up 
ili^the glass will be so violent as to cause the glass to 
shiver Jbo pieces. But in order t0 succeed with this 
exp^riftient it is absolutely necessary^ that the pitch, or 
vibration rate of the glass and that of the note sung by 
the ^operator, should be precisely the ^^me, or, in sth^ 
words, that they should be in tune with one another. 

Son^e tiiftg ago one of the rocking?»s?ones at Stonehenge 
wasP known to be poised In a position of tottering equili- 
britftn, and those to whose care it was entrusted, had 
notiegd that it vi^ated tp low notes, and were accustomed 
ponsequently«to warn visitors not to make sudden loud 
noises in the vicinity; certain lieutenant, disregarding 
•this^injunction, or perhaps desirous of testing experi- 
mentally tfie truth gf the statement, discharged his pistol 
at some littJB distance from the rocking-ston#^, with the 
result that the huge mass came to the ground, and cost 
the li^ul^mint £500 to replace it. 

% If a flame of hydrogen gas, or even of ordinary coal gas, 
tei adjlisted so as to be just on Che point bf roaring, it 
len^hens out considerably, not giving inuch light. While 
in this condition, if^a long tube be placed^^vertically over 
It, it wiU be^foiftid to give a musical note, owing to the 
rapidj vibration set up by the* current of heated air 
rushi&g up the tube^ a similar note be now sounded 
wit|i ai^ organ-pipe or other in^lhiment in the vicinity 
singing^flame, the two sAs of sound waves Sheeting 
each other cause tBe flame ^to bob down, and sometimes 
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|p be entirely ^extinguished. It must be borne in mind 
that these waves, although recurring with much greater 
frequency than those which^ we see on the surface of 
water, are still, comparatively speaking, slow; the mqjdb 
rapid of which the human ear can take cognizanc^ being 
at the rate of about 44,000 complete vibrations per 
second. 

Bfit if we paibs from sound to that rapid ^ vibi%tory 
motion which we shall call heat, we find that we can no 
longer measure th(i '\6;^ves by thousands pei;.^ Second, nor 
yet by millions, but that, that degree of heat which 
corresponds to bright red, requires the atoms of the bady 
giving out this heat to vibrate po less^than 400 billiocL 
times per second! Except by comparison, the mind is. 
unable to grasp the meaning of tie^e figures, but it will 
assist matters if we suppose that a man were to set’ifim- 
self to count, at the rate of 240 ^ minute^ one,Siwo, three, 
four, etc., jyithout stopping night or day dhtil he had 
counted 1,000,000. This would take him just upor! three 
da 3 rs and three nights; and ^ince our ^billiorP 8 oone 
million millions, it follows that our indefatigable sounter^ 
would have ^to go on^ counting for a^out 8000^ yes^ 
before he would l^ve’ completed his task of counting only 
one hillion. A^d yet, wheneveij)we see a glowing coal, or 
anything else that is at the temperature i^hi^Ji we usually 
call "red hot,'' waves are being given out by thatliody 
at the rate of about 400 billions pgr s|cond. t 

Now the particular H^ves to which our attei^tion is 
directed, and which are kifewn as Hertz wi^es (from the 
name of the scientific man who devoted much time to the 
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I elucidation of their properties), do not jumdulate quite s<^ 
irapidl^ as heat waves ; in fact, as far as we have been able 
I to measure them, their vibrations take place at the rate ojf 
^aljgut 230 millions per second. These Hertz waves are 
set up by any sudden electric discharge, such as that of a 
Leydei>jar, an induction foil, a lightnihg flash, or even a 
niere electric spark, such as can be got from an electric 
gas-lightelf. As in the case of sound, in ^rder that tkes^ 
waves may become evident to our senses, they must be 
receivi^ by*|omethiBg which is cappblfe of taking up t^e 
sam^^rate of vibration, or, U,s we should say in the case of 
sound, in tune with them. 

JVer^ similar, but not j^ecisely identical, effects, are pro- 
duced when a momentary current is caused to pass along 
a ‘wire, upon another gimilar wire, quite separated from it, 
but parallel to it, and of the same length. Of this pecu- 
liar property advanfage Iv^^been taken by Mr. Preece in 
his earlier atifempts to transmit messages across space. 
The apparatus employed by him in 1885, as shown in Fig. 
*5, coni^sifedi virfi,ually of t^o triangles of insulated wire, 
%ge' at the sendi] 9 g end, and the other at the receiving, the 
fo^ijqier tjonnected ^o any source ctf electricity whereby 
short, powerful, intermittent currents c^uld be made to 
complete their circuit along^ the triangle, as^ for example, 
\ numter of jelb an^ a tapping-key, while the receiving 
triai^gie was connected to a very delicate galvanometer, or, 
better^still, to a sensitive telephone. By means of the 
induction wave set up in the triai5||^e B under the influ- 
ence of tke m^entary current %t currents sent through 
A, it is found possible to transmit intelligible signals to 
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j^comicJerable distances, and even through a great thickness 
of solid earth! Owing, however, to the feet that tHe best, 
reWlts are obtainable only when the bases of the triaiagles 
are of equal lengths, and not separated from each other ]^y 
a distance greater tJaan this length, it is evident that the 
application of thL method of signalling through space/ 
though possibly of service under some circumstances, must ’ 
(be limited. For example, if it were desired to»con»muni- 




Fig. 5. Preece system, another form. 


cate in this manner between Dover an^ Calais^ as ^1 
distance is about twenty-two miles, it \*rould be n^ce^®ty 
to stretch a line^pn the Dover side twenty-two mSlea 


and another nrecisely similar^^and parallel to it, oh the 
Calais shore. o / 

§ 16. In 1876, Prof Oliver Lodge, andlbnen agat^, in 
1888, the late Dr. Hertz of Carlsruhe and Herr Von ^ozold 
showed experiment^||| that th^ discharge of a Leyden 
jar is not such a simple^ process as it wa| Iong%elieve(h 
to be, a mere instantaneous levelling ^p ^f the difference 
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of potential between the two coatings of the jar, but ^ 
rather fiiat it took the form of a series of surging wav^ 


he proved that these surging waves were capable^ 
)f settmg up similar waves in bodies in their vicinity, 
bodies were of^such electrical capacity as to he 
piie to vibrate electrically, at the same rate as the* body which 
emitted^heTft. This noticeable fact has its -exact parallel on 
the case of sound; if a given tuning-fork be caused to 
vibrate" in the proximity of a second^JjiJning-fork of pre- 
cisely afche same pitch ; when, under the influence of the 
soundivl^hve propagated by the air, this second tuning-fork 
ent^ into vibration, and mits a musical note. In both 
these experimei^ts exact similarity in the vibration rate, or 
“synt&iy,*' is a neces^ry condition to success, One of 
th© simplest methods of showing this effect of a suddenr' 
discharge issbhat griginally employed by Dr. Hertz and 
sliglfcly modified by Pf*of. Lodge. It consists in ap*anging 
two precisely similar Leyden jars, as shown at Fig. 6 ; one, 
m gConaeQtion^ with any source of electricity of high 
agd fumii^ed with a discharging circuit and 
th|^^ 9 the» jar B, al^ furnished with* a similar* circuit J?', 
alon^ ivhfth, at 0, is placed a sliding piece^that by being 
inoved backwards or forwardjj enables the seco^nd circuit to 
^ syhfSbnized!* or % tu3ed to exactly the same vibration 
rate ^the firs?^ Besides this " syntonizing ” or " tuning ” 
arrangelfaaent, the jar B is fitted with a strip of tinfoil D, 
Whidl, v starting from ftie^inner coajalig of the jar, passes 
ower .t|ie &outh^and reaches dowit very nearly to the edge 
of tho oiltor coatiijg. •l^ow the first jar mth . 
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electricity, and then discharge it in the vicinity of the 
second jar, although the second jar be entirely separated 
f?om the first one, we shall find that at the instant that 
the first jar is discharged a minute brilliant spark is 
on the second jar, between the edge of the strips coming 
from the inner coating and the outer coating ol* the jar! 
This effect; like that of one tuning-fork setting another 
in vibration, of one glass causing another to *rin^,*is due 



entirely to the surging waves" set up during the discharj^ 
of the first- jar disturbing the electrmi conditien c^l/the ^ 
second jar and causing similar but feebler waves4o respond 
to them. Owing to the small capacity of these jaj?s, the 
waves are Necessarily very short and jiheir duration eo- 
tremely limited ; hence the spark, though Ibrillian^ is ex- 
cessively minute. By increasing the size of the jars, and 
yet more by removmg the ceatihgs farther from one 
another, it was fouha possible to intensify these effects 
largely. By making the iwo coatings 8i the jar quite 
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separate, from one another, and of considerable size, it is 
evident that we can influence a larger volume of the sur- 
rounding medium, and thus produce these efiects at longdr 
di|tancest. This constitutes tfie original and typical forrn^ 
ofl5n Hertzes wave-starter, or oscillator, as he named it. 
'The eB®usiastic amateur can easily and ^cheaply construct 
for himself such an apparatus, by procuring two sheets of 
stout •fcinc^ about 16" square, and mounting these ii^ U: 
light wooden frame ; at the centre of the edge of each 
plate little zinc strgp should be so]d^red, into which is 
to bejmsertecfa 4i" length of brass wire .about V' in dia- 
metej?, itent at right angles. The free end of this brass 
•wijje or rod is fitted with a brass ball of about 1" in 
diameter. Tl^e zific straps and the brass balls are so 
arranged that when the plates stand in a line with one 
another the balls shall face each other. The zinc plates 
with their frames j^hould each be fitted with two ebonite 
feet, raising thorn off the level about 2" or 2^" This very 
simple form of oscillator, if placed on a table with the plates 
‘in ling wi6h one another, and the balls separated by a dis- 
’^nce of gfrom^ to 1" according to circumstances, will, 

when connected to -the inner and outer coatings of a Ley- 
den jjar, ^hich is kept charged by means j)f a Wimshurst 
or an ‘induction coil, set up j^owerful electrical disturbances 
Or Hei?z waves inthe^ surrounding medium, at the instant 
that ^ the discharge takes place between the balls of the 
oscillator ” plates. To take up and render evident these 
waves, the very simple fdhn of recover known as Hertzs 
Resonator is w|Il adapted. This* consists in a rod of 
brass bent into shapo of a n^ly complete circle, 18" in 
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diameter. At thf gap the two ends of the incomplete ring 
should terminate in two 1" brass balls, capable of adjustment 
as to allow the proper sparking distance to be obtained. 

Tuning '' is secured by adding to this ring metallic e^n- 
sions or “ wings,” placed on its sides either in permanent con- 
tact, or merely t<9mporarily in juxtaposition. Fi§i 7 gives* 
a general idea of the disposition of the parts required to' 
seizure this result. A is the Leyden jar, jB lsind<»iB' the 
oscillator, C and G' the balls between which the discharges 
6i the Leyden jar^t^e place. The,, waves se4 up these 
discharges, on impinging on the ring D, set up sympathetic# 
surges in it, and these overflow at the spark-gap between-* 
the two balls JE and jET. The addition of the extensioi||S or 
wings F F' (more especially if one of ?hesq be ** eaHhed ”) 
greatly conduces to the succeed of these results.* The 
apparatus just described, of the dimensions giveneaboye, 
will show a minute but brilliant spaf-k^betwoen the balls 
of the receiver jP, when placed eighib or ten feet from the 
oscillator B B\ even when a brick wall intervenes, if a 
sharp clean discharge be caused to take plac^ foopa thd . 
jar Ay between the balls G and G\ This ^isdhargq need 
exceed for -this purpose in length ^ay roughly 12>00b 
volts), but it ipust be clean and snappy y not brushing; 
hence it is well to insulate carefully the oscillator plates 
B E. Many other forms of emitters, (oscillators, %nd (St 
receivers or resonators have been devised by experimenters. 

§ 17. We will now pass on to consider a peculiar effect 
which takes place in^e receivei^a^ the point where, and 
at the time when, the echoing spark set to by ‘^the wave 
flowl. This peculiar effect knowmas (pMrmce. Let us 
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suppose that we place there two balls \)ractically in con-^ 
tact, ^e shall find that the mere pressure-contact is not 
perfect, and that either very ^minute particles of dust, or 
a thin layer of air intervenes between the two. Thaf 
this actually occurs can be well sten by placing an 
’ ordinary needle flat on tjie surface oP water, when al- 
though steel is nearly eight times as heavy as water, 



yet the%eedle floats, sustained by the^thin stratum of 
air which surrounds it. IJow if we test jjhe resistance 
^resetfted to. th® passage of a current of electricity by 
those* two bafts thus apparently in contact, we shrill find 
that itf is considerable ; but after having caused a Hertz 
wave to strike the balls, and set l^p its minute echoing 
epark, the re|lstance to the passage of a current of 
electricity falls ^en<frmouslj^ and remains permancrUly 
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lowered^ unless t|fe balls be disturbed, either by actual 
separation, by a jar, or other jolting. It must be noted, 
that after the passage of Ijhe little spark set up by th^ 
^surging Hertz waves, the two balls do actually 
slightly, with a m<i>asurable force, but that sound waves, 
or other mechaiiical vibrati9n, will break do^^^rn this 
coherence. Had we to depend solely on the observa^n 
off the minute sparks set up by the Hertiiatf waves 
in the receiver, as a method of transmitting messages 
to a distance without wires, it i^s to be® feared that 
such a system of wireless telegraphy would not^ have*^ 
satisfied our requirements. But, fortunately, this'][)eculiar 
property of coherence enables^ us to make use of Jihe 
difference of resistance set up, to allow a current of 
electricity to pass from a local cba|tery along the oohfer- 
ing points and thus ring a bell, deflect a neMle, or 
otherwise make clearly evident, eitKe» to the eye or to 
the ear, ^ of the advent of the He?!z wa^e sent by the 
transmitter (§ 9), It has long been a well-kncrwn fact, 
that if a current of electricity be sent rqund a^tflbe con- 
taining iron-filings, the filings which originally appeared sd 
a confused mass, without order, or as children sa^ Were ^11 
‘‘ higgledy-piggledy,*' immediately take up a symmetrical 
position, the individual parti^es arranging themselves in 
lines transversely to the direction ofi> tl^ flow^Of th^ 
current. This effect may be likened to the result, pro- 
duced on a company of soldiers standing ** at eascP’* when 
the oflScer gives thej^^mand, ‘^all in.** This eflfeet is 
due to the fact that e^iy manifestation^pf electricity is 
accompanied by a magnetic^ effect ; 4n &ct, that magnet- 
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ism is simply one aspect of electricity, ^ that an electric 
current or wave is always evincing magnetism at right 
0f^le$ to its own direction. JBEence the current passing 
the tube magnetizes the contained filings in the* 
dire^ion of the length of the tube, thi« causing them to 
adhere ‘^gether end to eijd. The same thing, or some- 
thjiig very similar, occurs, if a tube, containing metallic 
filings; ^d^ furnished with projecting wires, be placed 
the path of the Hertzian waves set up by a transmitter. 
The eflfgct ii^not so distinctly visibly the eye as wheft 
►a cuwent is passing 'actually over the tube, but still 
coherm^ does take place, and the resistance of the filings 
to Jhe passage of a current is greatly lowered. According 
to Pro? 01ivei;Lo<fge, who experimented with an 8" tube 
cohtaming iron-filing^ found that the resistance fell 
from 2600 ohms before, to 2000 olims after, the reception 
of the wave 4)y the«tftbe ; apd,in the most modern arrange- 
ment, with suitable filings, the difference in coijjluctivity 
is muclr*more marked. It follows from this, that if a 
Tbatte«y*b«. connected up iq series with such a tube, and 
t\rith a ciirrent detector, the resistance presented by the 
filings (Jtn their ofiiinary conditions) may be «o great as 
to* prevent sufiicient current passing tojbhe detector, to 

f ive any sensible indicatioi^of its flow;' wh^eas, immedi- 
tely on receiving tlie impact of an electric wave, the 
resulting coherence so greatly lowers the resistance of the 
filingfi^^that the current flows freely, and gives a very 
sensible deflection on ^lle curre 3 ||| detector, or galvano- 
meter. feuch Jin arrangement, 8{ a tube with projecting 
wires and c^ntaimn^ filings, Is called a ‘‘coherer.” A veiy 
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pimple form of cq^erer, known as .the ** Branly Tube,” is 
illustrated at Vig. 8. ^ 

§ 18. We can now profitajply consider how the practical 
application of the knowledge of the facts we have jtjrft 
studied will assist m in solving the problem of transmit- 
ting a signal without the ai^, of wires, and depending 
only on the medium around us. Let us summarize thesje 
<facts — (1) We can set up electrical waves of diSferent 
lengths, in the medium, by means of clean, hharp dis- 
charges, the len^hjk^and the veloeity of ^^ttiese^ waves 
depending on the capacity of the bodies between #hich 

o 

o 



Fig. 8. The Branlji Ty^be. 


the discharges take place. an^J ^the rdsistance*in the cir- 
cuit. (2)^ These waves travel with an encf:?mous velocity 
(about 200,000 miles per second), and to very great 
distances, their intensity beco^ning less^as thd^ distance* 
becomes greater. (3) These waves, oiv striking other 
bodies, are £d)le to set-up electrical disturbance fli these 
other bodies, provided these latter are capable of vibrating 
at the same^ate, or, as a nyisician would ^ say, are "in 
tune tvith the body emitting the waves? ^his el^tricalf 
disturbance manifests itself by the production of sparks 
responding to those of the emitter, |ind also by lowering 
the electrical resistaii<|^between points in the receiving 
body which are not in ab&lute contact, bulf^altermg theii** 
molecular condition* (4) Th&t we oaj^ take advantage of 
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this lowered resistance to allow a cui^nt of electricity, 
too feeble to overcome the resistance of Ihe imperfect 
contacts, to pass and to give sensible evidence of its flow, 
^ time when the waves propagated by the emitte# 
^strike the receiving body. So far good, but there is this 
disadvahtage, that when ogee the receiving body has been 
stnick by the wave, the new condition of coherence, by 
meaifiS^of ^hich it allows an extraneous #current of 0^30-1 
tricity to "pass, is maintained, so that a current would 
contin^usl/jflow, tluis doing awaj* with the power 8 f 

* transmitting any intelligible signals. Fortunately, how- 
everjiif has been found that the slightest agitation, a 

* slight tap, or any other j)urely mechanical vibration, or 
even a loud noise in its vicinity, is sufficient to destroy 
this coherence, and Jo prevent the local current (which 
is usefl to give the signal) from passing. 

In one of the imoSji cornn\pn /orms of receiver, we have 
an ordinary ^ectric bell, which, as all are aware, will 
ring when an electric current of suitable strength is 
causad® tb^ flow^round its, magnet coils. In the path 
betweem this bgll and the battery a coherer is placed. 
This cflherer, in *ts ordinary state, presents so much 
resistance to the passage of the current from the battery, 
that the bell will not rin^ If now the coherer be put 
^n tune,” or ^syiftonized with the apparatus destined to 
emit •the waves, at the sending station (which can be 
done jSy attaching t(^it rods or wires of suitable lengths), 
then on a spark being caused tp^j^ass at the transmitter, 
Vayes are sel^f up, which wavesfon striking the receiver, 
bi:eak down tb^ resistance tl^e coherer, and allowing 



40 


^ WIMJSLE88 TBLEGJRAFHY 


[CEtXPj. 

^the battery currejqji to flow, cause the bell to ring* But 
unless some means are taken to restore the particles in 
the coherer to their origii]^! non-conducting state, the 
Current would continuously flow, and the bell as coW’^ 
tinuously ring; a state of things that would be us^efes 
for our purpose. • It is quite ^true that sometimes the 
mere jarring or vibration set up by the ringing of the 
hell itself, is sufficient to shake up, or “ decdherft;*' the 
particles of filings in the coherer, and thus stop the flow 
oi the local batte>y current. In fa^t, in some of ^Oliver 
Lodge's experiments with an ordinary glass tube co&erer 
containing filings, he found he could not withotit%)dis- 
cohering the filings shout to his assistant (who 
situated about forty yards off), to cause hiip to press the 
key of the coil and make a sp^rk^^but was obliged to 
show him a duster instead, this being a silent ’signal 
which had no disturbing effect jpn th6 ooherei^or tube of 
filings. But it would evidently be unsafe M }0 depend on 
such uncertain means of decohering; especially as in 
many cases a bell is not used to reader o the ’^signal 
perceptible. ^ 

In Marconi's arrangement, as origifially devised, the 
decoherence of tjie filings is effected by a little feipping- 
hammer striking the tube. Thg hammer is itself actuated 
by an electro-magnet which is thrown intq^circuit*^with * 
a small battery every time the Hertzian wave allows^ the 
current from the main battery to pa^ through thd^coils 
of .the Morse receiver, twhich seizes at once to receive 
the message and to close^he circuit betw|en tlie small « 
electaro-magnet and its batteij^. In (ftde? to render this 
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clear to the reader, we give, at Fig. 9, \n illustration of 
Marconi’s original apparatus both for transmitting and 
for receiving; the left-hand gij)up being the transmitter, 
ikioll the right-hand one the receiver. At A we have an 
ordinaiy tapping-key connected to the^ primary of a coil 
(7 thSough the battery JS, The secondary (7' of this 



Fig. 9. MM'coni’s original arrangement^ 

f • • 

# 

coil fe^onnected to two brass balls, D and D\ which are 
placed ^&t the two opposite diameters of two larger brass 
balk, E and E, that are half insi^ed in a glass tube 
fiHed witlT vasejjne oil. The distances between E and E 
and between E, aS also bItween E and E, admit of 
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ladjustment tp sui® the length of the spark employed, and 
the distance at which the receiver is placed from the 
transmitter. The receiver ^proper consists in a coherer 
T Tf constructed as follows : — In the centre of a glafts . 
tube is placed a smlill quantity of a mixture of silver and 
nickel filings, to Vhich the merest trace of mertury has* 
been added. The position of this is shown at S 'N, 
'‘These filings lie? loosely between two conical iSlv^^'plugs, 
Aff, Ag, having wires which pass to the outside of the 
tube at each extrSme^y. Before the tube is?Beale(j' up, it 
is exhausted of air. This is tb prevent oxidation ♦f the^ 
filings. The wires which come from the silver plugs are 
connected either directly or igdirectl^ to the wing^or* 
resonators, V and V\ These in turn have brancii wires 
attached to them, which, passing tq the spirals Z and Z\ 
called self-induction coils,'' complete the circuit through 
the battery B" and a delioate^Morse tblegraplf instrument 
i?, the Iqver of which is arranged l)etwed!h two studs, so 
that when it is drawn down to the lower stu#' at the 
instant a wave impinges on, the cohej'er T 4r,®it alscN 
closes the circuit of the little battery, h through the 
electro-mag^net thas causing the hammer H 2o strike 
the coherer ande decohere the filings; and in thfe manner 
to restore t^ the coherer ^ts capacity of taking up 
a fresh impression. Many ingenious dbvipes have been 
employed to bring about this shaking up or decoher^nce ; 
perhaps one of the simplest, and at^the same timtf a very 
efficient mode, is that used by ilr. Leslie Miller, which 
consists in attaching a w?re on the surface^! which a firm 
screw-thread has been cutf as a ‘|)rolpngation to the 
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hammer-shank of the bell that is used w givjng evidence 
of the signals, and causing the wire to lie crossways upon 
one of the wires proceeding fsom the coherer itself. As^ 
a Result, every time the inflowing wave causes the tell to 
ring, the bell, in ringing, draws its '^tire like the bow 
of a violin across the wire the cohere!, and the vibra- 
tion thus set up in this wire is sufficient to shake up the 
particlO'f i5 the coherer, stopping any farther flow ^f 



• * Miller’s Decoherer. 

' • • • • 

cunent of any more ringing until the »ext wave sent 
shall have again set up the^conducting condition in the 
cRhererT Thi| aftangement is shown in our Fig. 10, 
which ‘represents the coherer, bell, and decoherer portion 
of one pT Leslie Miller’j very ingenious wireless telegraphy 
sets. • 

•In the form gif bell-signalling t^paratus devised bj^the 
author, the bamnjer df the bill is made to strike on the 
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ecoherer itself^ Tfiis device does away with all complica- 
tion, but of course it is limited in its application, owing 
|;o the position in which the bell must be placed in relaticn 
to the aoherer. Fig. 11 gives a general idea of a leotui4^ 
table apparatus ari^nged according to this plan. (The^ 
receiver alone is^ illustrated.) , In this, A is the«*elay, B 
the coherer, and C the bell, the hammer D of which serVes 
®at^nce to strike the bell, and on falling back^’to Agitate 



the coherer; and decohere its filings. ^ is a dry cell, of 
which one 'pole is connected to one %aagnet coil of the 
delicate relay -4 the other pole being connected to the 
coherer at i^,jwrhence the current passes (when coherence 
is set up) to the other magnet-coil of tl^ rela^* * ThS 
battery (? is in circuit with the bell through^ the 
armature of the relay A, when the.^armature is atoa^ted 
by the electric magnefe * } .. 

, § ji9. Extraordinary are these result^ which can be 
obtained from the practiCfiil fipplicatibn of our knowledge 
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of these peculiar properties of the electee waves, yet they^ 
by no* means exhaust the subject or its possibilitiea 
When a spark-gap is arranged,between the balls of a Hertz 
i%sonator (see Fig. 7, H E') at such a distance that a sparlc 
will just not flow between them when influenced by the 
oscillatar B B',, it will be found that if •those rays of the 


B c 



speotrunf which are known as ultra-violet are allowed to 
fall on the space between the two balls of^the resonator 
% E, fhe spajck nan now be made to pass, which goes to 
pro^ that the vibration rate of the ultra-violet rays must 
injsbmfb way assist th^t of the electric waves themselves. 
In . Hertz’s original experiments is this direction, which 
wero ins^tute^l with the aid of aft induction coil (il)^ving 
spiarkit between tyro Dalis {B B), and shielded by any oi^ue 
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screen (C), or ev^n a sheet of glass, from the spark-gap of 
another sm^ler coil (E) similarly arranged, but with its 
balls {D) so far apart that^^ they would only just allow a 
spark to pass, he found that the presence of the shield, 
which cut oflf theo ultra-violet rays emanating from the 
spark of the larger coil, prevented the smaller coil from 
sparking. This arrangement is shown at our Fig. 12,* in 
wjiich the larger coil is to the left, and the sifiall^<^to the 
right ; it was afterwards found that the light given by an 
‘electric dischargef^w^as not the only one tha^ wo^^d thus 
modify the distance over which the induced spark ciiuld 
made to bridge, but that the electric “ brush,'’ antf, ka fact, 
any source of light rich in ultra-violet rays, such as the light 
of burning magnesium, etc. — would give similar results. It 
may be noted that although a scr^^n^of glass seriously int’er- 
feres with the passage of these ultra-violet rays, transparent 
though it be to ordinary Jight^ a scre'er of qu^Artz does not 
impede their passage. Prof. Oliver Lodge has somewhat 
modified the arrangement to produce this effect^ and we 
illustrate, at Fig. 13, the apparatus he ^mploytxh^ uA are 
balls proceeding from the prime con^Cjbors of s Holtz or 
Wimshurst machine. - These are respectively connected to 
the inner coatings of two insulated Leyden jars (1? and E), 
the outer coatings of which are connected together by a 
suitable metallic loop ((7), and also to a ‘pair^pf discharging 
balls {D D'\ the distances between which can be adjusted 
at will. It will be seen that when tlj^ jars are fully Charged 
they can discharge themselves through il, while the outer 
coatings will have their*^ equilibrium resto^d through 6. 
An^^overflow ” discharge, hdWever, Vrill always take place 
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between D and J7 if these balls are n^r enough to one ^ 
anothelt, but if over the opening of th6 screen S a sheet of 
glass be placed, these overflow sparks will cease; to recur 
ot!j| the removal of the glass or other obstacles to the passage’ 
of uftra-violet rays. From the experiments of Elster and 
^Geitel 551 would appear that this effect is to some extent 



dependent on the nature of the discharge at the trans- 
fllittin^end (the 5 >sciRator). ^ The subject orthe influence 
of li^ht on discharge is full of interest, and may lead 
to veryi» important applications, and for this reason we 
ho apology for repfoducing hye an abstract of their 
which ^can be found full in Wiedemann^s 
Annalm S8, pp. 40, 497 et sey . : — ** With a view to veri- 
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fying Arrhenius’^Jheofy concerning atmospheric electricity, 
we arranged expetiments on the photo-electric ;power of 
sunlight and diffuse daylight at Wolfenblittel, from the 
middle' of May to the middle of June 1889. & 

" Hoor alone had observed the effect of sunlight ; "other 
experimenters hud failed to observe it, but we fjjid a dis- 
charging effect even in diffuse daylight. 

c* “ We take aniinsulated zinc dish 8" in diameter ceunected 
to a quadrant electrometer, or an Exner’s electroscope, 
and expose it in thp open, so that,, it can h3 dar^ned or 
illuminated at pleasure. • e j2. 

" Sunlight makes it lose a negative charge of SOO^^volts ^ ' 
in about 60 seconds. If the charge be positive . ^t is 
retained. The dissipation of^ negative electricity ceases 
in the dark, and is much weal^pned by the inter;^ositioU 
of glass. But light froih the blue sty has a distinct effect. 
Fill the dish with water;^or, stretch a damp oloth over it," 
and the^ action stops. A freshly-scrubbed plate acquires 
a positive charge of 2^ volts, which can be inc^^eased by 
blowing. With freshly cleansed wires of zinc, fclundniutfU 
or magnesium attached to the knob of 1^h6' electroscope, a 
permanent negative charge is impo^ible in cpen sun- 
light. Indeed f magnesium shows a dissipating^' aotioa in 
diffuse evenmg light. Such mres act like glowing bodies. 
Exposing an electroscope so proviSed 4n an opdh spad^, 
it acquires a positive charge from the atmosphere.;^ , No 
abnormal dissipation of positive electricity hss been 
observed. o ^ 

t ^olt is the unit of electrical pressure, equal t^ about one X>ellidel 
cell ^ ^ . 
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“Our success last time was lai^ely^due to the great| 
clearness of the sky in June, and we tirishe^ to see if we 
Oould get the same effect at tfee beginning of the winter. 
TSie following is our summary of results : — * 

“firight fresh surfaces of the metals zinc, aluminium, 
and magnesium were dischg-rged by both^un and daylight 
when they were negatively charged, and they spon- 
taneouiSy Acquired a positive charge whose amount could^ 
be increased by blowing.^ A still more notable sensitive- 
ness t<tjight«is shown^by the amalgaiii^of certain metals, 
iwiz. ir^the orcfer of their sensitiveness, K Na Zn, Sn ; since 
pure gnSrcury shows no effect, the hypothesis is permis- 
Isibl^ that the active agent is the metal dissolved in the 
mercury. If so* the following are the most active metals : — 
K;Na*(Mg, Al),Zn,Sp. • 

. “ Alh'other metals tried, such as Sn Cd Pb, Cu, Fe Hg 
Pt and gas ^arbon^ Show ng ^c^on. The same is true of 
nearly all non-Aetallic bodies ; but one of them— namely, 
the powder of Balmain* s luminous 'paint ^ — acted remark- 
ably wd!l fa sunlight. Of liquids, hot and cold water, and 
hot and eold salt^sgFution were completely inactive ; con- 
sequently wetting the surface of metals de^roys their 
sensibilitf to light. The illumination eKperiments can 
^be arranged in eithej^of t’v^o ways. For e:jjperiments in 
tfee space we ^se^inc, aluminium, or magjjLesium wires, or 
smaU amalgamated spheres of zinc provided with an iron 
rod* JWth these it c^ be easily shown that the illumin- 
ated surface of certain ^metals acif in the same way as 
a*flame^collectQr. * ^ 

* A fact noticed by Bi^at and (londict. * Calcium sulphide. 
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“For demonst&tion purposes the amalgams age run 
through a fine funnel, sa that the freshly-formed surface 
of the drops may be illiwninated. The dissipation of 
electricity which took place with an apparatus ^th^s 
arranged showed that when pure mercury was charged 
mgatively to 195' volts it fell ^ 175 in 36 seconds, while 
the amalgam of zinc fell from 195 volts to 116 in 16 
‘seconds, the amalgam of sodium falling from ^95Pto 0,in 
10 seconds; while the amalgam of potassium fell from 
l95 to 0 in 5 second;, under the influence ojf^ight^f 

These same experimenters in the course ofo theiP 
researches came across a very peculiar fact, nameiy-<^that 
if sparks are just able to pass between a positively charged* 
brass knob and a clean amalgamated zinc cathode, the 
illumination of the latter by uJtr%-violet light tends 'to 
check them. This is apparently in contradiction' to the ^ 
results which we have wtice/J at tKei' begirfhing of this 
section, jjut, as Oliver Lodge well observeSf the conditions 
are not exactly the same, for in Elster and Geiter^arrange- 
ment the discharging surfaces are kepii,at a stfealdjfchigfe'^ 
potential before the spark, whereas iij, the one shown 
at Figs. 12 and 13, the surfaces are at zero potential until ' 
the spark-rush < occurred. It appears then, tha% whereas 
the action of Jlght in dischargjing negative electricity from 
clean oxidisable metallic surfaces is deffini^ie enough, iti 
influence on a spark discharge differs according ta the 
conditions of that discharge — in c^es of “ steady ^sjrain " 
it tends to hinder the<^park, in cases of ** sudden rush it 
. tenc^to assist it. o ^ ^ 

I 20. We have dilated soiflewhat bn these experiments 
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becaus^ we desire to accentuate, in the leader's mind, the 4 
great analogy, if not absolute identity, between electric 
waves and light waves. When one has clearly grasped^ 
tiJis idea, the possibility of directing and controlling these 
electric waves so as to make them capable, not only of 
transmitting messages, bul^ also power alid light without 
the intervention of wires, or any other medium but that 
surromiding us, becomes plainly evident. • As in the cdfee ^ 
of light, the apparent colour of which is determined b^ 
the nul^iber tjjf billions of vibrationsewhich occur in the 
Ihedium per second, so in the case of the electric waves, 
propet ties are evinced that are clearly dependent upon the 
rapidity with which the v^rations succeed one another ; 
and while tho whole group of phenomena known as 
induction, X rays, Herfcz waves, etc., are but manifestations 
^of vibfatory motions, yet the differences which exist 
between theta are due rather 4}o variations in the vibration 
rates than to ^hy diversity of the motion itself^ Hence 
we find *that these electric waves, like light waves, are 
^apaWe^of being.radiated, reflected, refracted, and polar- 
ized, and •a knowiJe^ge of these properties will doubtless 
enable ifi to control their influence 5n specialFy prepared 
receivers ^nd thus localize their effects, whether for heating, 
lighting, power distrij^ution^ or signalling, i^ an efficient 
and practical njanfier. Up to the present time beyond mere 
signalling very little has been done ; the following being 
the chj^f practical applications of electrical wave power : — 
§ 21. Professor Chuncfer Bose of Calcutta was the first 
t(f show t!ie peWbility of discharging a pistol, or fmag a 
mine from a distance,* withoiA any intermediary but that ^ 
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of the atmosphere medium. For this purpose he 
a form of coherer, which, although not absolutely new, was 
different from the Branly .tube, partaking more of the 
nature of that used by Oliver Lodge in one of his lecjur^s. 
This consisted oPa smooth ebonite case, containing a 
number of spiral springs, having a metal plate as a cover 
touching these at many points, the springs on the one 
hfilnd and the ?netal plate on the other completing the 
^circuit when coherence takes place, under the influence 
of the electric wavts. Having placed a y^^here^^of this 
kind in circuit with a battery and an ordinary Abells fus^; ^ 
the resistance of the coherer having been previously 
adjusted by increasing or decreasing the pressure o& the 
metal plate touching the springs, or by varying the 
battery power until the resistJfiinee of the coherer was 
such that it would just not allow sufficient current'’ to pass ^ 
to deflagrate the Abel's fose, <^his latter was placed on the^ 
touchhole of a cannon, etc., and then in sSnother room, or 
at any considerable distance (walls intervening), a spark 
was caused to pass between the balls of a suifetlSle» 'OScj^ 
lator, such as that illustrated in ou]j^. Fig. 7, Bp On^ the 
reception of the waves thus set up, the coherer. Saving its 
resistance greatly lowered, allowed the battery current to 
pass, thus firing the fuse c^nd di^harging the ^cannon. 
It is quite evident, that in a similar manner a mine could 
be explode® from a distance of several miles. It would, 
however, for practical work, be advisable to use a in 
conjunction with the^^epherer, and to allpw this to close 
the^cuit of the main battery and the fuse, dur 
Illustrates the arrangement Vor this purpose. 
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§ 22. It will be evident, from a moment’s consideration, 
th^ b/ means of an arrangement almost precisely similar 
to this, it would be possible to release the shutter of a 
silapshot camera placed at a distance from the operator® 
(say ib the car of a captive balloon, attached to a kite, or 
In any dyier not easily accessible spot), and thus obtain a 



•picture ^ any desired instant, without having any wires 
or other tangible connection with the cameifa. This power 
may yet prove of great service in topography^ and in time 
dr war Tor obtaining txact mformation as to the location 
or tl^e movements of the enemy, without danger to the 
operato!^s. ^ 

Another application of th* Hertzuln waves has 
b«i^ pro'{>ose<t' by Nikola Tesl£ This consists 4l|^ the 
meaps of controlling tad diaecting the motions of a boat 
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^(torpedo or otherj from the shore or from another boat. 
We are not aware that hitherto such a boat has actually 
been built ; but as there are many points in its construc- 
^tion which are extremely interesting, and which might ISe 
made of service in^>the performance of several operations 
in the work" of u house which are at present e%ecute<f 
more or less faithfully by domestics, we reproduce the 
: main features of Mr. Tesla's invention. Of the annexed 
diagrams. Fig. 16 is a plan of Tesla's boat, presenting 
a general viewof'th^ apparatus eijiployed ;oFig.^l6 is a 


€) 



Fig. 15. Tesla’s Boat : plan. 

sectional view of the Tesla systein ; and Fig. 17 is a 
longitudinal section of the boat, showing the mechanism 
in side elevation. Tesla claims that, in a broacjeseni^ hifL 
invention differs from all otlier systems of c9ntrolling 
boats, in so far as hocUses no intermediate wire, cables, or ^ 
other form of elffctrical or mechanical connectioif with the 
object, save the natural media in space. The boat itself 
is provided with a propelling mecnaniam compflsing % 
screw-propeller, secured to the shaft of an electric motor, 
driven by the storage battery, ^he vessel is steered 
by a rudder controlled by a ’Steering motor. The 
appalls by means of i^hich the operation of 4)oth tl^ 
propelling and steering is co^irolled^ involves the use of a 
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receiving bircuit, adjusted and rendered sensitive to the 
influeice of the electrical waves or impulses emanating 
from a distant source, thb adjustment being such that 
the oscillations of the circuit and of the source of dis- 
turbance shall occur in electro-magnetic synchronism. 
The rel^iving circuit consists of a terminal, a conductor, 
an electric controller similar to that used in wireless 
telegraph}^ and means by which the cuig’ent may be Jet 
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JTesla'a Transmitter and Boat : elevation. 


to the ground tliAugh the medium of the ^lessel’s keel. 
The ciroltit in question forms part of % local circuit in 
which are included a relay magnet, and a battery, the 
ilectrcftaotive forte ol^hich*is so determinecfthat although 
the dielectric layers in the electric controller are subjected 
to great tension, yet normally they withstand the strain, 
and iio appreciable current flow# through the circuit. 


■yhen, hewevei*, an electric impulse reaches the d^ectric 
lasers, they are broken doyffi^ thus suddenljjr diminishing 
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th^ resistance, and permitting a current to pass through 
^he relay m&gnet. The particular controller erftjployed 
need* not be described here, but is shown in side eleva- 
Siion over the motor, in Fig. 17. ^ The relay magnet is 
used to control therf)peration of the propelling engine and 
of the steering apparatus. Placed in the circuit of the® 
electric controller is a commutator, by means of whkh 
.thg direction of^the current may be changed, dn girder to 
influence one of the two relay magnets placed in the 
circuit of the*batterj^ While one relay, for exam^e, is in 
operation, its armature closes, a circuit pacing tij^ougl^ 
the motor, in order to cause the rudder to be swipg to 
port. The other relay causes the motor to throw^he* 
rudder to starboard. ^ ^ 

The steering .apparatus, as sljown in Fig. 15 and 17, 
consists, in addition to 'the steering motor, of a toothed 
wheel, engaged by a worm^on the^s^afb ofb.the mcftor, 
The wheel controls the rudder through the medium 
of a sleeve, ' by a toothed wheel, and a zrod. A 
fixed vertical rod is mounted within 'the sj^e^e^ an<i 
carries an insulating disc, to the under surface of which 
brushes ara secured. The sleeve su#ounding ihe rod, 
and turned by^, the motor, carries a disc, iq)on the 
upper face of which are secured two concentric circles 
of conducting^ contact plates •intersjSersed with infiulateA 
plates. In certain? positions of the disc* the brushes 
are in electric connection with the contact plates;# 
ductors connect the ccptact plat^ with the terminals |f 
the jgggpelling motor, and the poles of- the® batt^ 
aire so connected with two of^tbe brushes fhat when the 




Fig. 17. Tesla’s Boat : 
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rudder is in straight position, or turned to either side, the 
'^current is donveyed through these two brushes, and 
through the contact plates to the propelling motor. 
•The steering motor is similarly driven by current takdh 
from the battery, ^nd conducted to two brushes df the 
plate. The motor, according to Mr. Tesla, ma/'alwayrf 
be caused to rotate in one direction, whatever may -be 
»th^ position of ^ the rudder; and may be used ta jrotate 
in either direction whenever the rudder is inclined less 
than 45® from the gentre position.^ In addition ^to this 
mechanism the vessel carries* a small au1:iliary gnotoi^ 
Pig. 15, connected in series with the armature the 
steering motor. By means of this auxiliary motor, Ijgl^s* 
on the ends of the standards lhay be •flasl^ed in 15rder to 
indicate the course of the vessel ^to the operator at* night. 
In Fig. 16, illustrating diagrammatically the operation pf 
the system, the appara^us^ to the Jeft indicates ‘any 
source of electrical wave energy controlled by a switch 
located in a box. The handle of the switch is movable in 
one direction only, and stops on four points asgsho^jp, sft 
that as the handle passes from stop to stop, oscillations 
are produced during ^ very short intftrval. Teia places ' 
the handle of tj^e switch, so that when arrested on the 
points at the top or at the bottom, the boat is deflected 
respectively t8 the left or t(f the AghU from its ^oursA 
The normal position of the hands is horizontal. The 
impulses sent forth from the shore ^e, according te Tesla, 
received by the termin#.!, transmitted to the commul&ator, 
to infhjg^ce one of the relays, and to cause the motor to ^ 
on the brushes to turn the rtidder v» whichever direction 
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ifc may please the operator. The motjon of the rudder 
causes Ue second set of brushes to act on the propelling 
motor to drive the vessel. 

* Whether, as Mr. Tesla claims, his apparatus, by reasoif 
of its certain and unlimited destructiyeness, will tend to 
bring at^ut and maintain ^permanent peace, is a question 
to ’be discussed. 

Another* Italian electrician, Emilio Guarini, a native*of« 
Puglia, is reported to have discovered the means of 
utilizii^ Matconi’s wjreless telegraph J* over the greatei^f 
^istantes. T^is is accomplished by an invention called a 
repejgjei^ which receives the electric waves and is capable 
J^gfcjbyansmitting them to other repeaters for continuous 
repetition. There need ^nly be a repeater at every 
fii^e-hundredth mile, ij i%said, in order to establish com- 
munication with any given point of the surface of the 
earth. On# of the* many ^qpntemplated applications of 
Guarini’s repearter is its use in future Polar expeditions, 
the conftnanders of which will, it is claimed, be able to 
Saaiatafn f5onstai\jb communication with home. 

Emilies Guafiq^, the inventor of this repeater, is a youth 
^ little mdl'e than twenty years of agoi In 1896 he was at 
college ifi Trani. One fine morning she quitted his 
studies, saying that he meant to go to Belgium to study 
ftectricity, fo^j vfliich he felt a great love. He devoted 
himself to the study with great ardour. Scarcely a year 
had mised before his,invention was announced. 

, I 23a. As long ago •as the time of the advent of the 
fiffBt ap^arat^s for telegraphing without wiesg, the 
question was ask^d '#hethea»it would ever be possible to 
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perceive signals aA distances great enough to render the 
system practical. The improvements that hav^ been 
introduced since then relate to the power of the trans- 
Initting and the sensitiveness of the receiving apparatus. 
The eAperimenterSf. who have occupied themselves‘*’with 
the question ar€» very numerous. One of M. A/’ 
Popoflf, in conjunction with MM. Ribkine aud Troitsky, 
fiofpcers of the Russian corps of engineers, while yaking 
some experiments between two islands situated near 
Oronstadt, finding ,that the receiving apparatj^s had 
ceased to operate, conceived the idea of introducing 8, 
telephone into the circuit of the radio-conducfcoif, and 
battery, in order to verify the passage of the current^and** 
was astonished to find that iht signal^ of the transmitter 
could be distinctly heard. From this he concluded that 
the electric waves produced in the radio-conductor* varia- 
tions of resistance that vere^ directly percep^ble at the 
telephone, and that it was possible tea simplify the 
receiving apparatus by suppressing the relay mnd the 
automatic decoherer. It will be remembere<J^ in,facit' 
that the receiving apparatus usually employed up to the 
present are<^ based upon the Use of tlfe Branly imbe, the ‘ 
metallic fHings ^^f which become conductive aiPter they 
have been reached by the electric wave, and would remain 
so, were not t^ie tube struck in order t(9 decoherd*^ them^^ 
Hence the necessity of certain applications in ordey to 
obtain the shock automatically i^imediately aflSter the 
passage of the wave. <3A.ccording ‘to M. Popoffs e^er^- 
ments^i^is is not necessary with the telfephoite. Tbs 
flings, under the influence of«:ithe el<:0tric waves, undeigo 
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diflfercjpt states of conductivity, and flie current of tha 
local battery that traverses them is sufficiently modified 
to jproduce in the disc vibrations that are probably very 
feeb^p, but perceptible to the ear. The radio-conductor 



Fig. 17a. 


must* \owever, undef^fo certain modifications in order * 
tbl^-t its^sensitiveness may reach‘d a maximum, and the 
i^Shn that hat therefore been finally given it is that of a 
microphone consisting of ste^ needles resting through them 
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extremities upon® plates of carbon. The apparatus that 
Popoflf has studied and constructed in order to render 
the application of the apparatus very easy consists of 
% wooden box, which contains a dry battery, the radiS- 
conductor and the telephone. For the carriage of the 
apparatus, the radio-conductor is placed in the interior of 
the box at M ; but for use it is fixed at its upper part,* at 
and the connections with the battery .and telsphone 
are made by spring-jacks, which may be quickly put in 
'filace. A hinge pei;mits of ascerta^ining at what Inclina- 
tion it presents the greatest sensitiveness. By m^ns o§ 
a special device D, shown in Fig. 17 and a flexible ^able, 
the apparatus is connected with the yard of the masW-hat’^ 
has been previously establisJied, while flexible cord, 
starting from a terminal, E, establishes a communication 
with the earth. The local circuit of the battery k closed 
upon the radio-conductor*, telephone by ^Ineans of a 
small commutator, and the telephone is put to the ear. 
As soon as the transmitter station operates there b.re veiy 
distinctly heard sounds that arp now shoyt and no^ long/ 
and that correspond to the signal of the^* Morse alphabet. 
The sensiti/eness ofr the apparatus is such thkt upon 
taking as a transkiitter a Ruhmkorff coil that giv^^ a spark 
of about 4 mm. (about J"), Ducretet has been able to 
establish communication between nis Ihops upon Rue'^ 
Claude-Bernard, and another station situated upon 
Boulevard Port-Royal, 600 metres distance. Last Vinter ' 
M. PopolF made a m6St interestifig application of his 
apparat?i3 in the Gulf of Finland. A Russia^ arrdour-clad 
was stalled among the rocks<4ipon the cpast of Hohlmidl 
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Island, and her somewhat critical posiljon forced her to 
irinter there, no communication with the continent, forty-^ 
even kilometres distant, being possible. M. Popoflf was 
ommissioned to establish communication by wireless* 
telegraphy, and so a station was installed on Hohland 
Island, another near the cijjy of Kotka, amd a third upon 
the ice-breaking ship Ermach By the end of January 
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everything was finished, and regular exc^jange of dis- 
^atchesVas b^guti. These permitted of saving the lives 
of twenty-seven fishermen who had floated off on a cake 
of ice^ fhe position of ^hich it was possible to signal in 
tiine to the Ermach The transmiisions were not inter* 
rupted, e^^en \)then the snow was falling so fast that it was 
impossible to disiiingfiish anTobject at a distance of two 
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metres. It seeiiled, on the contrary, as if tho^0lectric 
'wave was propagated more easily under such circum- 
stances. Up to the month of April, the epoch at which 
the armour-clad was saved, 440 dispatches were 
exchanged. This ciew apparatus will not supersede those 
already in service that permit of the inscription ot 
dispatches with the Morse receivers, but will prove useful 
alongside of them for cases in which they mighi* fail to 
operate. On account of its great simplicity and sensitive- 
ness, it will serve Tor stations that it would he convenient 
to install for temporary use. " In the service of vjireleM 
telegraphy it may be considered as playing the ’Same 7^dle ’ 
as does the ** speaker ” in telegraphy with wires. 

Fig. 17b shows the radio-conductor alope, on^’a larger 
scale. _ * 

The reader will do w^l to note, that not all conductive 
or semiconductive powd^-^ ,pr filing^ behave ' in the same 
manner when made up into the feff m of coherers. Thus, 
certain bodies conduct better le/o7'e receiving the impact 
of the electric wave than they do afterwards; gt 'in otbfir 
words, the advent of the wave increase^ their resistance. 
Others again, such as a mixture of graphite grai^les with^ 
fine mercurial ^lobul^s, become momentarily Conductive 
while under the influence of the wave, but lose their con- 
ductivity immediately on its cessation, Svitjiout r^quiri% 
any mechanical jolt. Coherers made with such bodice are 
termed Auto-decohering.'* The Popoff-Uucretet^and the 
Tommasina-Castelli cdierers belofig to this class. 

For-§>23i see Appendix, p. 119. ^ ^ 
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CHAPJ’ER IV 

CONSTRUCTIONAL DETAILS 

§ 24. As most of those who have perused the foregoing 
pages w^l be ifesirous of performing th# experiments them^ 
s^ves, gither ^r the sake of making actual acquaintance 
with the* known facts, or in the hope of improving, or 
^en *of making fresh discoveries and launching out 
into pastflres n^w, we deem advisable to give working 
directions which will qn^le any one gifted with a little 
•neatness .and patience to make up the whole series of 
*^ppafatus neBessaryf ^ith the^oBdiaary tools usually found 
in a house. Whtre it would be impossible for the amateur 
to do witlfout special appliances, such as a lathe, etc., for 
ao#urate*r<xind wqrk, we shg,ll specify this. When it is 
essential tiiat tli^a^aratus should be made of any par- 
ftcular sizi, the dimensions will be carefully giv^n ; where 
idhis is^not^done it is to be understood th^ the size may 
be varied to suit the convenience of the o]^erator. The 
fiiSt piece of ,apf)aratus required is some machine or 
instrument for easily generating electricity. We will here 
describe Iwo such appliances, either of which is well within 
the gr^p of the enthusiastic amateuff. 

§#25. Xtte Iglduotion CoU. — As for experimental work 
it will not be nec^ssafy to u«e a spark of greater length 
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than J", the following dimensions refer to a coil of this 
^capacity. The material required for its constructffin are — 
a bundle of straight iron wires, No. 22 B.W.Q., sufficient 
to make up a core f " in diameter, and about 6'' long ; | ih. 
No. 20 rf. (?. copper wire for the primary windiilg, and 
about f lb. No. silk-covered copper wire for the s^ondaiy 
winding ; a piece of ebonite tube of about internal and 
14 ^" external diameter, 5^" long, to slip over the primary 
when wound on the core ; two ebonite heads, 3" square 
\nd about f " thif k, to make the ends of the bobbin ; one 
sheet of thin ebonite, about No. ^4 gaugb, 5" wide, 1^" 
long, for covering the coil when finished ; 1 lb. ef ^araffin^ 
wax for insulation ; about 50 sheets of good demy paper, 
which after being paraffinec^v^rill sefve both {(A* making 
the condenser and for separatij:^g the different kyers* of 
the secondary winding f J lb. tinfoil wherewith to^make up4 
the condenser; one foot hard<b]fass rod for contactf 

pillars, eta; of No. 16 platinum'wire fqr the contacts; 4 
No. 2 post office terminals; a piece of brass tube about V 
long, 1" diameter, and thick, in the shell ; l®pisc^o^" 
tape for binding round core, etc. ; sufficient thin mahogany 
(or any other hard ^ood), thick, t^^ake a shallow boi> 
9" long by 5" Tide and 1^" deep ; also a piece planed deal^ 
to make a false bottom or cover to this box. It Will be 
well to commence by making up tiiis box first. (Fox tfeis 
purpose a piece of mahogany is cut 5" x 9^'^ and 4 strips 
wide are also prepared, two of t^hem being 9" long and 
two 6" long ; these aofe then milwed together along their 
edges, «^here they are glued and bradded;and i^hen g|jied 
and screwed, to the 9" x 5"^iece first cut,^'8o as to form a 
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fallow tray 9" long, 5" wide x 1" outjide, and f" deep 
mside;'^t each corner inside should be glued h well-fitting^ 
tliangular block, standing about high and wide on 
ill two narrower sides (see Fig. 18). When this is done,* 
t|is (which is to form the base of tjie coil) had better 
bjp clamped together and set aside to dry# While this is 
g^ing on the operator can plane up and take the dimen- 
sions ofjbhe.thin false bottom, which shoujfi be about < 
wide X long. When the box is quite dry and the glue 



*♦ Fjg. 18. Coil base ; inverted. 


hard, the box may be sandjiapered down preparatory to 
(famishing or poli6i#lg at the operator's option.; We men- 
tioned th^ screws should be used with g^hich to festen 
the upper band to the sides of the frame ; if such be 
qjiiployed they should be small brass one?, flat-headed, 
an^^unter-suhk flush with the' level of the wood: some 
to use dowels. The base being thus prepared, 
atl^tion can be given ^ paraffining the paper which will 
to bf used in the construction of the condeijger, etc. 
1 sheets, 4" ^ 5", ^ould be cut perfectly square 



ea WinBLESS TELBGBAFMY [chap. 

^rom the demy piper ; and a little tin tray, or, in fact, an 
oWinary tin baking-dish, which must be •perfectly ctean^ and 
^somewhat larger than the papers, must be chosen, and 
placed on the hob or other warm place with about J lb. 
paraffin wax * in it. • The heat must be sufficient to melt 
the paraffin wax® to a clear oil^^ without causing boit- 
The sheets of paper are then immersed and withdrawn 
otih by one, alic/Ared to drain on the edge of the dish, and 
^hen hung up on a line by a pin in one corner until the 
paraffin is set. When all the sheetj? have b^n p£||faffined, 
they must be placed one by 6ne between folds of, whi#8 
blotting-paper, and ironed over with a moderately* hqt iron,^ 
so as to remove any excess or any irregularity of the pa^:affin: 
In precisely similar manner aresthe sheets .prepafed which 
are to serve to wrap round the ser^ei;^! layers of the*secolid- 
ary coil ; the only difference being the size of the sheets, 
which must be not lessr'ti-dn 4f " wiSo' by abftut 14" long. 
Any superfluity can be trimmed off just previous to laying 
on. It must be borne in mind, that the first^Tayers of 
secondary will only be about 3 F' iu circumferefic#; 
more layers of wire are wound on, tl^oircumfeiTence will 
increase uil til the last layers will be nearly 10'^; so thaf 
the 14" strips 'vWll admit, at the beginning of^tedoling, of 
being cut intj^ three, and then into two, shorter lengths. To 
make up the condenser it will be well to ^ro^ure t\^o pic<^ 
of ordinary window-glass (not thick) 4" X 5", and 
cut fifty strips of tinfoil 6" long «x 3" wide, the %perat6r 
will place one glass sh^et on a fla<*'table, and on the glSfes 
sheet wfll put squarely and smoothly two sheets of|)araffi«ied 
paper* Taking a sheet of tiiifoil in ^s ^and he will lay it 
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onithe paraffined paper, so as to leave ^margin all round 
of except on his n^A^-hand side, when the tinfoil 
extend leyond the paper for Over this tinfoil he will 
a single sheet of paraffined paper, and then again sf 
sh^et^of tinfoil, but this time the overlapping piece must 
;be plac^^ on the Z^/j{-hand side. Again is placed a sheet 
of .paraffined paper, followed by a tinfoil to the right, and 
so pn — paper, tinfoil, paper and tinfoil altpfnately, until nil • 
the tinfoil sheets have been thus interleaved — Nos. 1, 3, 5, 

7, etc., overlapping on the n 5 '^^-hand,^nd 2, 4, 6, 8, etc.,(J!f^ 
the Z«/j^hand. • The disposition of these several sheets of 



Section of Condenser, 


tinfoil and of paper isPshown in our Fig. 19, in which the 
thick lines represent the tinfoil and the thin lines the 
it^ill be understood that for the sake of clearness 
the different slfeets are shown as if at some distance apart, 
Qwhereas,in fact,'th% are lying one ypon the other. The 
, last tinfoa is then to be covered with tw# or three sheets 
of paraffined paper, when the second glass sheet is placed 
A&t tills, cautiolisly® pressed down tightly, and bound 
together by winding some tape, slightly on the cross, round 
the nautower width of# the condenser, leaving, of coursp, 
. the tfro, extremities at which the tiiifoils project free. The 
end of the t^e can then be stitched to the layer below. 
Finally, each of the p^jectii^g ends of the tinfoils are rolled 
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tightly ^or ^tcr connection to the contact^reaker 
|®!ars of the completed coil Fig. 20 illustrate the 
completed condenser. 

The core or iron bundle should now be prepared for 
winding. A piece^of brass tube or a brass ring, the inside 
diameter of whicfn is precisely 4'', is now selected^to serve* 
as a gauge for the size of the completed bundle, and a 
silfficiency of ir«n wire straightened out and cut tcf* exactly 
in length to fill the ring or tube. Beginning at one 
end, and pushing 'oho ring or tube downwards aSfhe pro- 
ceeds. the operator will bind the bundle tightlj^; rourRi^^ 



Fig. 20. Finished CoiiaensGr. ey 


somewhat spirally with a wide tape so^as to fcr& 
round cylinder of iron wire. He wil^^^fosten off the tape 
at both ends by stitdiing down. It is essential ^that this 
bundle should llh firm and hard. After being thiffe wrapped 
with tape, thev, iron core should be irpmersed in hot melted 
paraffin wax until bubbles cease to appear. The core^S 
then removed and stood on end to drain, and when^oold 
will be ready for binding. ^ ^ o « . 

To wind the core, About 6" of ^he No. 20 copper wife 
should Ife left free for future attachment, au4 thin be^^ 
ning at about from one extfemity^ of the iron bundle, it 
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shclild J>e tied firmly to it by means of/a piece of strong 
silll twist, and the core wound as evenly, closely, aifa 
t^ltly as possible, to within of the opposite extremity, 
ilele it would be well, in order to prevent the wire slip * 
pii^, that an assistant should tie the last coil down tightly 
to Ihe core ; when a second, layer in one dbntinuous length 
with the first layer must be wound on in the same direction 
of winding -until the starting extremity m reached, when 
the wire can be again fastened down by tying with silk 
twist and cutf off, leavjng as before a#pwjecting end 6" Ih 
tength^ In order to ensure 'perfect insulation, which is so 
essentiarto success in making coils, it will be well to give 
^these two layers of wire a good coat of shellac varnish, 
allowing* the yarnish to in well so as to penetrate 
the subjacent layer. Ti^ wound core should now be sus- 
pended -in a warm place to enable the varnish to dry hard 
and glossy, find the *operatiQagrtr^eated until this end is 
attained, • * 

A pie8e of ebonite tube 5^" long, of sufficient bore to 
slide nM Poo loosely over the^wound core, is now chosen. It 
should be about thickness. To make a good job of 
\he bobbin this should be fitted to •the heads, which we 
have pre'^ously mentioned as being 3'" square and about 

J " - thick, by having a screw-thread cut for about f at 
fther extren\jlt 3 ^ fitting into holes of similar diameter, 
and/ threaded with a female screw in the centre of each 
Me^d ; 4)ut unless the^operator has a lathe and chasing 
felkilste will not beabR to do this^himself ; in which case 
h#had b%tte^ content himself with boring centra* holes in 
ebonite bead^ wJlh a ceiatre-bit tp fit as tightly as be 
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can over the exti^mities of the tube to which they can be 
^fe^j^ened sqAarely and firmly, either with hot sprout’s 
elastic or with thick shellac varnish ; either of which will 
*hold the heads firmly to the tube. 

This being satisfactorily fitted, it should be mounted 
between two standards by driving a cork or bung* tightly, 
at each end of the tube and pushing a stout iron or other 
wire through the centre of each bung, the wire resting in 
slots at the top of the standards ; one end of this wire or 
""i^d being bent twic^ at right angles to serv® as handle 
by means of which the bobbin can be *rotat(^ whem 
between the standards. Below the bobbin on the^,same^ 
standards, holes should be made, through which another 
stout wire can be passed thatTs^ves t6 support the spool 
of No. 36 silk-covered copper wir^^vith which the secondary 
is to be wound. We give an illustration of the ‘bobbin 
mounted between the stggfjgfds with ti spool of wire below, 
at Fig. 21. A small pin should be*driven»in the centre of 
the top edge of the left-hand bobbin-head, and nabout 6'' 
of the No. 36 wire coiled tightly round this future^attgfitf- 
ment ; then by rotating the handle wh^ich ^asse% through 
the bobbimthe wire from the spool berow will beu^found 
wind itself evenly and smoothly on the ebonite t®be. The 
greatest care must be taken in winding, first, that there 
should be no breaks; secondly, tha^ thSre^shoul(!f be Hk 
kinks ; thirdly, that each succeeding turn should lie cjose 
to and yet not overlap its neighbour ; fourthly, that the 
wire should not be aliowed to uficoil or slip back.^ To 
prevent ithis, in case the operator should 'have? to stop 
before one layer has, been convicted, “it ia well to have a 
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Hin on the standa^rd or on the bobbii^ round 'which the 
^ire cfn be twisted during the interruption.* The 
^ould not commence quite against the head, but a bare 
iace of tube of about wide should be left, and the sam5 
i^argln should be allowed at the finishing end. When 
*^eref<ftf the operator has reached to avithin of the 
opposite head, he will fasten the wire to a pin or otherwise 
to pre¥ent slipping, and then will bast^ the completed 



layer witfi hot melted paraffin wax, aft^ which he will 
immediately wrap one layer of paraffin paper neatly and 
Jlghtly®round it,»takfhg care to draw the etid of the wire 
of the last turn through the lapping edge of the paper just 
laicf onf so that it com^ out at i" from the ebonite head 
and feady for continuiag winding ^(the pin haying previ- 
oiqjfly be%n withdrawn), care being taken to rotate always 
in the same direction, mth all the precautions above 

• w ill 
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mentioned, coilii% on the wire towards the fi|:^;head, 
tmtil within *about yV of it. 

The second layer is basted with paraffin wax and cover^ 
Vith a layer of paraffined paper as was the first, the wire 
being brought out «s before, and a third layer wound on^ 
and so on until ^he whole ha^f-pound has been«iaid on, ' 
each layer diminishing in length by about The wind- 
ing of the last layer should be so managed, that 1#ie end 
of the wire terminates at the head opjposite the one at 
\V%Lich the starting wire is attache^ to the^ pin. ^ When 
this has been effected, about* 6" of the termii^&ion if 
wound into a helix for future attachment to its temoinals. 
These can now be put on the coiled bobbin. To this#end, ’ 
the bobbin is to be removed froA between ^he s^andards, 
the corks and central rod taken (Ji^i^the last layer of wire 
wrapped very smoothly and evenly with several* layers 
of paraflSned paper, the#««i^^ of which can tie fastened 
down by warming with a moderately hot fron, which will 
melt the paraffin wax. The bobbin being set on a tablg 
with the wire ends uppermost,, two terminals ar# sele<?C0#, 
with shanks of such size as to admi^^of bein^ screwed 
into holes A^hich will* be drilled, one in the centre of the 
top edge of each*’bobbin-head. A thread is put^in these 
holes by gently screwing the terminals in. the merg^t stiijj 
picion of oil being used to lubricate if they go in tod* 
stiffly, for fear of splitting the edge of the ebonit^. The 
terminals having been thus fitted^ they are slightly un- 
screwed, and then, th# ends of each extremity of the 
secondary wire, having been bared of their sijken* covering 
and cleaned with fine emei^r paper, are coiled loosely 
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ro|indl'^^ skank of their respective teiftninals, which caq 
thin be screwed home. The wound bobbin can noWiHSS 
wmpped neatly with oue layer of the thin ebonite sheet, 

a ich should be cut to fit exactly between the two cheeks 
the bobbin. It should be made •to overlap a little 
ow, at the opposite diameter to%here the termi- 

nals have been fixed in the heads. To fasten this ebonite 
coter itf its place, it will be necessary to make a few hofes 
with a hot wire along the lapping edges, which can then 
be threiwled '^ith silk ^ wist and laced«together like a shdfe. 
The '^Btind core can now* be placed in the tube of the 
bobbin, living about of the iron wires projecting at 
leach# end, and taking care that the spare ends of the 
primary copper wire als^roject, as these will be required 
for after connection contact-breaker, etc. In order 

to insure perfect insulation and to prevent the core from 
shifting in the tube,*the boWife^should be supported on 
end (with the^free ends of the copper wire projecting 
below), and any interstices between the wound core and 
tlffirtofiblh tube*fiUed in by pouring in melted paraffin 
wax at the upper j^nd. 

The ^bntact-breaker is the next portion that will 
demand (fur attention. To make this, in^^rder to get the 

f rrect^ height, the c^il-bobbin is placed og its base, and 
e exact height from the base to the centre of the coil- 
cote is measured and noted. A piece of round brass rod, 
a iitjjle longer than tUe measured height, and about f " 
^^ia?meter, is fitted wifh a little flange at one end and 
]^0ced c^ntmlly up the stem at this end; the wffole being 
tapped to take a snihll cheese-headed screw of 
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in length. The e.ther extremity of this brass rod has a 
iK^e drilled * transversely through it at a point exactly 
opposite the centre of the coil-core, when this rod is 
^standing without its screw on the base. This hole must 
now be tapped and fitted with a milled-headed screw, having 
a shank about f • in length ; and a nut of nearly ^fie same** 
diameter as the milled head must be fitted to the other 
erjd of the scre^. A fine hole of about diameter is 
now to be drilled in the centre of the tip of this screw to 
tfce depth of about ^ of an inch. A tiny globule solder 
is put in this hole, and a short piece of No. 16 p^tinuRi 
wire is pushed in the hole over the solder. The ' wfiple is ^ 
now held over the flame of a spirit-lamp so as to^me^i the” 
solder and ensure adherence ^ba tween the ^brass' and the 
platinum ; when cold, the plati^t^im is cut off, s6 as io 
leave about y' projecting beyond the brass. The greatest 
care must be taken not tjcy^any excess of solder, because 
if any solder were to get on the placinum^it would cause 
it to oxidize, and ruin it for this purpose. This dbmpletes 
the 'platinum screw contact-pillar. ^ Mtl' 

To make the vibrating hammer j>or,tion, ao piece of 
springy steel, such as a thin clock-spring, of about the'^ 
same height as foe contact-pillar just finished, tod about ^ 
i" wide, is procured. This must be softened at its two 
extremities, and also at its centre, by beihg ^held oW the^ 
flame of a spirit-lamp, after which three holes are drijled 
along its central line, one near the bottom edge, oli% in the 
middle, and one at the top, exactly facing the centre of 
the core. ^ A piece of round soft iron, in ‘diameter a^di 
long, is now cut oflf, ^moo^ed oii hath its faces and 
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cle^nec^ round its circumference. In tl;^ centre 'of one of 
its ^aces is drilled a small hole of the same* size as 
put! in the top of the spring. This hole is then tapped 
wit|i a screw-thread, the spring laid over it, and screwec^ 
doTO*to it by means of a suitable small cheese-headed 
^‘screw. ~^t the central hole in the spring is fitted, by a 
rivit, a second but much weaker spring, bent so as to in- 
cline slighl/ly outwards away from the iroQ hammer-he%d; i 
and to the second spring, at a point exactly opposite the 
platinum tip^f the contact-pillar, isg-iveted a little plaAi- ^ 
rnim I'pkton, made by pushing a short length of No. 16 
platiaunf wire through a hole in the top of this second 
Ispring, and, hammering it on an anvil until sufficiently 
spread dht. 4 pi^ce ofj|"»brass, about f" wide, is now 
bent twice at right ^;j^es, one side being about i".in 
height; and the other about Sl hole is now drilled and 
tapped at the central portion^ tj^is rectangle, to which is 
adapted a chees«-head1&d screw similar to the one at the 
bottom hi the contact-pillar. A milled head, having a 
805P0W pl'ojecting on either side of the head (which should 
be about. in ^iameter), is selected, and a hole drilled 
*lbd tapi^d througn the upper end o{ the projection to 
take thi# milled screw. Finally, the •spring itself is 
screwed against the projection, with its iron bob on the 
^ame side as ^he*^" projection, so that the*milled-headed 
screw can be made to press against the mainspring, and 
thus rd^late its stiffrICss. This completes the contact^ 
breaker, of which we give an illustration at our Fig. 22. 

•flPhe cdil pjrts being thus completed, the whoie can be 
flat together as ^ollo^s ; — # 
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Two terminals# are put through the top. of the frame, 
^ij^h serves*as a \)ase>board, near the opposite cofhers of 
^he narrow end. These should be placed sufficiently far 
from the edges to clear the little triangular blocks whidli 
3erve to strengthen the frame; and the shanks ^ofr these 
i»erminals should^ be fitted with neat little nuts which •carf^ 
be run on from the imide of "the fram6 or tray.' These 



Fig. 22. Contact-Breaker. 


serve to facilitate the attachment 13? the wir^^s. The^ 
frame is stood with its false bottom downward?;^ and the 
toiled bobbin placed upon it, the contact-screw and flte 
vibrating hanihaer being held pro ^em.ain their ujorrC^ 
place along the centre of the frame which c&nstitutes the 
base-board, care being taken that the coil is 
with reference to the terminals just^put in, that the^ic^ 
at which jfhe free ends of the primary wire project sh^ld' 
face these terminals. The iron bob oi the coiitaot-br 
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should clear the iron core of the coil hy about yV'> 
th4 plitinum tip of the screw contact-pillar should jugfc 
toi; ch the platinum stud on the weak spring. The posiuon 
of ihese parts being thus taken and marked on the base-> 
hoi rdf the operator will drill holes thropgh the base-board, 
ffint, toi admit the screws passing through to the contact- 
pil ar and vibratftig hamnier respectively ; secondly, two 
ho es tl^rough which screws will be put, reaching into tjiro 
boles drilled for this purpose in the centre of the lower 
edges of the ebonite heads. Exactly^ opposite where tj^e 
i^jires^aJ^the primary^coma out of the coil-head two fine 
> holes wiil be« drilled in the base-board to admit of the 
•passage of these wires into the interior of the base-board, 
•the wiros being pfeviousjy'istraightened out so as to lie 
flatly and nealily agai^t the coil-head. Tlie condenser 
must uqw be put in itSpace, which is effected by turning 
^ the -coil uj^ide do^wn, so as to expose the bottom of the 
box, in which ^le condenser is placed lengthwise, as near 
as possiUe to the end farthest from the terminals : it is 
ftistened ip this position by two little buttons screwed in the 
sides of the box. *To connect up, one of the primary wires 
^reviou|^y bare3 Hid cleaned) is coiled once^ round and 
^ under th^ shoulder of the screw which hcids the vibrating 
h^i&mer in place, the screw being then tightened up to 
,#sure^erfect contact. This same wire is® then stitched 
thifqugh the r<Jll of tinfoil projecting from the condenser at 
nearest to it.^ Care should be taken in stitch- 
ing the copper wire tlyough the rqjl that no leaves should 
ljut that good contact should be made, Jfhe other 
from th8 primaiy goes^direct to one of the terminals. 
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without touching®,the condenser at all. From the other 
tftqgQinal a '^ire is taken to the platinum screw <x)ntact* 
pillar, as before, by passing the wire under the shoulder of 
^ts holding screw, and thence taken right along oiSe 
side of the box te the opposite rolled ends of the con- 
denser’s tinfoil to which it is stitched as was the ^fetwire!^ 
As it is essential that the current from the battery should 
■ ( . . .0 



Fig. 23. Completed Coil i sectior 
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pass through these wires without short circuiting^ h WQuId 
be advisable to separate them, wherever they cross, by 
strips of pal’afEn paper. We give an^llustratioF) at Fig?^ 
23 of this modd’ of connecting up ; and for th^ sake of , 
clearness have shown one of the primary wires as pro- 
ceeding from the hack of the coil, wlierea# it will r&lly 1^ 
in front like the other. We have also shown a commv/^a^ 
in position, in case the student should care to mak9>it peurt 
and parcel of the coil. .This is, hoTOver, optional. ® 

§ 26. ^o make the Wheatstone commutator,’ Ijho^ 
operator procures a piece of ^^jsylindfical wood, about 1^" 
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long by 1" in diameter. This may jbe of boxwood, 
mahoggJhy, or any other hard and well-seasoned Wood. JLt 
• a pinch it may be constructed out of a piece cut from a 
circular broom-handle. Having been cut to the requisite 
length tod trued up (if possible on a iathe) so as to be 
perfectly cylindrical, it should be boiled ii^ melted paraflSn 
wax until no mor& bubbles* are given off. When this is 
the casejlt rpust be removed, allowed to dr^in in a warq;i 
place, and, finally, polished up by rubbing with a piece of 
flannel ^ A piece of stout brass tub^ of such an inside 
digmet^i^ts tcf fit tigfitly over this wooden core, is now 
f)rocure3, eut to the same length as the wooden core, and 
forced on iL Two small holes are now drilled on each 
Side of these tubes,*at thei points diametrically opposite 
each other. These holes. ^re to be countersunk, as they 
■are to receive four small screws, which will serve to retain 
ithe tube fixed to tl^»core. screws for this purpose 

must be fine flaVheadad brass ones, not exceeding in 
length, so •that they may leave a clear space through the 
ceftjjp (rf the core of in diameter. These screws, 
having been inserted into tfieir four respective holes, are 
dliven in ^ntil the l^ds are quite flu^b with the surface 
pf the tub^ Any projection must be carefully filed away 
with a fine file. When this operation has been satisfac- 
taitey pefformed, ^ line* is scribed at two points along the 
lengl^h of the cylinder, diametrically opposite each other, 
and equidistant from the# two lines of screws. Now, with 
a Ane* hack-saw, the oj^rator proc^ds to cut thd brass 
tub^longitudinally, with four cuts, one on each side of the 
lines, just dra^, at a*dista^e of about /y" on cither of 
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them. He cuts ri^ht to the wood, but no farther, and then 
removes thfe strips he has just parted from itfe tube* 
This operation leaves a wooden core, with two separate 
^ brass cheeks equidistant from each other. The n^t 
step is to make or procure two small copper washerS, about 
in diametery. with a rV' hole in the centre ^f each. 
Two ordinary brass screws (with thread for Wood) .are 
then selected that will just pass freely into the rjioles in 
these washers. They should be about 1" long. A washer 
having been placed, on one of the ends of the wooden core 
quite centrally, a small hole is bored wioh a ^mlet to 
admit the screw, which must not penetrate more than 
into the core. When this screw has been inserted by 
means of a screw-driver to* this depth, a little drop of 
solder is run round the shank o^ the screw and the washer 
to connect them electrically together. The head of the« 
screw is then cut off with fine hack-saw, leaving nearljP 
I" of the shanks projecting. When this has been accom- 
plished, the other washer is fastened in precisely similar 
manner to the opposite end of the core, the g^padest .jjare 
being taken to secure centricity in the'screws, the shanks 
of which will afterwards serve as trillions on ^hich tfcift 
** commutator** turns. By means of a short piec^ of copper 
wire not thicker than the washer, and a drop of solder, 
the operator now connects one waslffer with one hvQ^ chiQ^ 
of the commutator, and the other washer witL the op]^K)^te 
brass cheek, as sho>vn in Fig. A small ba^^boafd of 
polished mahogany, atout 5" X X is now prewu^^^ 
and two L-shaped pieces of sheet brass 
pared, standing about 2" hi^h, and^ having® a- hole nearly 
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at the top of each, of sufficient diameter«to just allow the 
serew-sfianks on the ** commutator*' to pass thit)ugh. Two 
holee are also drilled in the foot of each L, one to admit 
aif ordinary brass screw, the other to take a terminal. 
These two uprights are slipped on to tl^p projecting screw* 
shanks y>f the brass-cheeked cylinder, ^nd being held 
closely against the washers, with their bent extremities 
otUtmrdi, are screwed down in a central lige on the basj- 
board in its longest direction. The two terminals are 



then screwed into the outer two holes, so as to make good 
m^t^llicscoijitact with the brasses. Two similar pieces of 
brass, about 2i'^hi^, filed ^nd hammered thin so as to 
lUe springy, are now^astened by meags of screws to the 
Jbase-boardf one on each side of the cylindtr, and so bent 
as to press pretty firmly against it. Two terminals are 
cijllnectdd to thes§ sprfhgs also ; and for the fake of avoid- 
ing confusion, il is well that they should be of different 
those attached to the L-shaped standards. All 
^^|hai flow remains to done is affix a little Wooden 
"h^^iPe to one of the screw-shanks, so as to be able to turn 
tie cylinder fo the fight ^ left, at will This handle 
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should be so plad^d that it stands vertically when neither 
brass cheek*touches the spring; that is to say, wten the 
cheeks point perpendicularly, upwards and downwards. 
^ This is shown in Fig. 25. It will be e-vident that if the 
two poles of a battery are connected to the terminals in 
connection with the trunnions, while the outer circuit fe 



coupled up to ttfie binding screws attached to ^he lateral^ 
springs, no current will pass so long as the cylinder stands 
as shown in t^e cut. If, however, the htodle be tttrned^p 
the righty so as to bring the upper brass cheek in contact 
with the right-hand spring (the tower, of course, •simulta- 
neously touching the ieft spring), tjie current will flow to ^ 
the outer circuit in one direction ; but if the^ hand||e is 
turned to the left, so that the^pperbheek torches the left- 
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iland SQjfiRg, the current will flow in the^opposite direction 
in the outer circuit. This form of current reverser seizes 
a^^once, therefore, as a two-way switch, and as an inter- 
rlipter, or rheotome. This instrument, when used in connec- 
tion with wireless telegraphy, can eith^ be placed on the 
B^e of the coil, a^ shown in our Fig. 23,*or else be quite 
indfependent of the coil, being placed in circuit between 
the coil® and the battery; in this latter «ase it will We 
advisable to place a thin piece of ebonite between the 
hammeiehead *of the c|p,pper and the eore of the coil, arid 
|h^n tofSbrew up pretty tightly, so as to insure the coil 
jnorkiiig or stopping immediately the commutator is turned 
♦ on 09 ^ 

§ 27, tappirng-key is* afso very convenient for the 
purpose of signalling, and if the Morse system is employed, 
inore^hahdy than the commutator. To make this instru- 
ment for ouT purpdfee, the foliating simple plan may be 
adopted. piecff of mahogany about 6" long, 3" wide, f " 
th^ck,is selected, and after havingbeen squared and smoothed 
up, is fittedVith gi ddrawing-pi^^ at the centre of the narrower 
e^ge. This drawing-pin is* put into connection with a 
terminal Ify means of a brass strap, abmit wicfe and 
thick. At* the other extremity of the board a hole is 
dialed f^r a secon^ tergiinal, under the shouifier of which 
passes a rather stiff spring (a piece of crinoline steel about 
J'' wide will do very weiy, of such a length as to reach and 
cover, ^when pressed down, the head of the drawing-pin. 
A hole must be drilletf at this exfremity of the spring 
exactly ovdt th^ centre^of the head of the drawing-^in, and 
in this bole must fitted a stout plfece of brass rod, which 
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can be sweated or screwed into the hole in the Bp^g,and 
furnished above with a neat little knob of ebonite, or box- 
wood. This arrangement is shown at our Fig* 26. The 
best position for this tapping-key is in series betw^n one 
pole of the battery and one terminal of the coil In this 
case, as in the*last described in our section on) the Com- 
mutator, better results are obtained when the vibrating 
Hammer of the coil is screwed up tight. If, howler, it is 
desired to signal by the dot and dash system, the coil 



hammer must be left free, in order that tlie rapidly 
recurring vibrations may simjilate the tcfifect gfVen by tlie 
continuous current needed to producifea dash. 

§ 28. For experimental work, and especially for b® 
signalling, for explosion experiments, etc., the Wimshuislr 
is far more fonvenient than the ^coil battgry. ^^o 
make a Wimshurst suitable for this purpose, a pair, df 
ebonite plates, 12" in diameter, thick, will 1^ nei^ed. 
A hole i" in diameter should be orilled in the Centre of 

' o 

eacL The plates sROuld then be mounted on cent^ 
bosses, iSade of any hard wood, turped up t^ cylinde#^ 
in diameter, 2^" in length, £!ach 'i^oss,pr cylinder shbnld 
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be&usiied centrally with a piece of brasS tube internal 
dh tneter. * ^ 

?he plates are to be fastened to the bosses by means 
of three flat-headed screws placed equidistantly round ^ 
tho central hole. The screws must be^ countersunk flush 
wi|h the^ebonite ; and to eq^ure the non«splitting of the 
eb|>nite it is well to make the holes in the ebonite through 
which these screws have to pass, by pushing a nearly red- 
hot wire through the ebonite at the desired points. At 
the extremities of these two bosses^ or rollers, farthest 
finm fljesplates, a groote must be cut, in which the 
jjriving-b&nd will lie. This groove should encircle the 
Jlrollerg aUdsout a from their extremities. 

For th5 driving pulleys, V f icce of mahogany should bo 
sefectedr, about 4f " in length, and a sufiScient thickness to 
^tum up* to IJ" in diameter. A hole should be drilled 
centially aiM longitmflinally 1it?!eugh this of sufiScient size 
to admit of i" stnel spindle being driven tightly through 
it, (The*spindle can be cemented to this wooden cylinder 
by givifig^it a ccpt of glue before driving it in.) The 
spindle should Bpokct 1" dt one end and 2" at the other. 
When th% cylinder has thus been fitted to the^ spindle, it 
n should be^put between the centres of a lathe and turned 
up to about li" in diameter. A couple of ^at pulleys 6" 
in dianfeter, ttiick, with a groove cut m their edges, 
shojtlid now be turned up out of mahogany, with centra? 
holes W fit tightly on^ the roller last mentioned. The 
positions of these must be ^ascertained by* placing 
^^i^ollei»pa]^Uel to the bosses when the plates 4a^ each 
Other^ and seeing that the^grooves on the bosses ore ii: 
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perfect alignment with the grooves on the large pulleys. 
These latter can be glued in that position on the roller. A . 
frame and standards must now be prepared. For this 
' purpose a well-seasoned board of mahogany or oak should 
be cut and planed d'' thick, 15" long, and 8 ' wide. At the 
centre of each wtder edge, at X' from the extrme edge, 
a mortice-hole is cut 2" long, X' wide, right through the 
p^nk, and two uprights or standards are made* to fit these 
holes. These standards should be about 12" long, and 
should taper from 2i" wide at the bottom to IJc' at the 
top, where they are rounded. The thickness-^ ' th6j^e^ 
standards should be about 1". A tenon piece shorild b^^ 
cut at the lower extremity of each standard tr^t e^^actly^ 
the mortices already cut iii the base. oThese standards 
should now be temporarily put in place, and the position 
of the holes which will tave to be made in the standards,^ 
first, to admit of the spindfeawhich carries the larger driv- 
ing pulleys, and secondly, those which will bear the 
upper spindle supporting the plates themselves, ascer- 
tained. Approximately, the first pair of holes *^111 be at 
2 1" from the base-board, and the upg^^eroones at f" from 
the roundell tops of*the standards. A piece of rolind 
steel-rod fitting Wcurately into the brass tube bushing of 
the rollers supporting the plates is now selected, and whUe 
the plates are being held in position ^ between the 
standards, this rod is slid through the holes in the upper 
part of the standards and through lihe bosses of the plates, 
and then cut off of stich a lengthens to be exactly flush 
with the butsides of the standards. ^ ^ ^ , 

u 

A couple of glass jars, about IJ" p diameter and 
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6*' ii^ height, should bo procured, *and coated with 
ti^tofoil inside and out, to the height of about 2" from 
tie bottom, not more. Two short wooden cylinders 
slould now be turned up to fit loosely inside these jars? 
r^chmg to the same height as the tinfoils, and from the 
centre of each wooden cylinder should fise a brass tube 
surmounted by a brass ball f" in diameter. Before cut- 
ting tlfe brass tube off to correct lengthy the jars should® 
be placed on the base-board, one at each extremity, in a 
line wih thS edges the plate, and at such a distance 
fPomlJb^ that the brass balls should clear the edges of 
jbhe plate by about The position of the bottoms of the 
jars shmM now be marked on the base-board, and by 
means ot a lj^"«centre-bi? fiP hole should be countersunk 
at these two points to^ admit of the jars entering into the 
apertul:es thus made to a depth of about The jars 
having be?n placed* in the§^4ioles, the exact height at 
which the brass tube may be cut off, to allow the brass 
balls to stand at diametrically opposite points of the cir- 
cumfererieje of tl^e plates, ascertained, and the tubes cut 
off and screwed Jn|| the balls. The wooden cylinders may 
^now be® cemented into the jars by pouring in melted 
paraffin #ax to just over the height of tSe tinfoils. Care 
must be taken to make the jars pretty wann first, and not 
fo have the p^araffin too hot, otherwise the glass jars will 
surely crack. The Leyden jars thus prepared can now be 
fitted ^th the ‘'collectors,” which consist in two U- 
shaped pieces of No#’14 brass wii« of about 5" ill length, 
sharpen^ a|’the points and bent so as to embrace the 
edges of both pjates, cleaging them by about f " on each 
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side. A chamfer Is cut across the face' of each with 
a rat-tailed file, and into this depression the bend of the 
U is soldered. If this has been properly done, when the 
Jars are placed in their holes, with the U-shaped colleotorS 
embracing the plates on each side, these latter will be ih a 
line with each otlier across the^horizontal diameter of ^the 
plates, the points reaching about 1^' in from the edges ‘of 
•plates, not touching the plates at any point, but elearing 
them, as we have already said, by about f". We can now 
proceed to fix the jars in their position. AS for oe^r pur- 
poses we shall make use principally of £he di^arge 
obtainable from the outer coating of the jars, it wjjil b€^ 
necessary to lay a little strap of very thin brass «^houi 
wide will Ife sufiicient), and i%aihing frone the bbttom of 
the holes into which the jars Jo two small binding 
screws, which will be screwed in the base-board on the side 
farthest from the driving^J^ndle. Of cours# it will be 
necessary, if it be intended to polish the base and standards, 
etc., to do this before fitting finally the jars amd brass 
work in their places. The straps above-mentione<S being 
inserted in the holes, a little tfeck sh|j|la9 varnish should 
be painted !bound the bottom of the jars, and also rounrf 
the sides of the holes (but not on the brass strip^, and tW 
jars pushed in their places, care being taken, of course, tfc^ 
the U-pieces o? the collector are in their coiyect places, w 
above-mentioned. The next operation is to make^ 4he 
neutralizing brushes. For this phrpose two lei^bs of 
haixl-dra^ brass rod in diametKsr and about 16^^ in 
length, ax€ hent into the form of a bow, reach jpg 
semi-diameter of each plate rei^ctively, jound the top of 
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st|ndard to the other semi-diametef, at a distance of 
aiout 1" in from the extreme edges of the* plates, ^The 
eJtremities of these two bows must not come into actual 
cclita^t with the plates, but must clear them when rotatS 
irh by about and a small hole should be drilled down 
tl|a, ends of these r6ds to^ depth of about J" for future 
insertion of the “brushes/* Two small brass discs, 
thick, mre* now cut out, IJ" in diameter, and the bew^ 
soldered to these across their centre, the discs lying inside 
the cencavif^ of thf bow. Two small holes are ifow 
ihrill^bt these discs to admit of two small screws, which 
^will Jhereafter serve to attach the neutralizing rods to the 
upper «4remities of the standards. But before doing 
this, theT)rusheajnust be^fitted into the extremities of the 
rods. *The best majeaial for the brushes is certainly 
tinsebcord,” which can be obtamed from most trimming 
shops. Admail piece of thyi, about 2" long, is bent once 
upon itself, and* the folded portion pushed into the hole 
made in the extremities in each rod, and fastened in place 
Cy dri^iiig in a little wooden wedge, made by pointing an 
ordinary match^ !|^is latter must be cut off flush, leaving 
^Hjly th8 fibres of tinsel-cord projeetingf. The brushes 
having thus been put in the ends of the two rods, these 
latter can be screwed up in their place at the top of the 
atand&ds. T^e exact place of the brushes is of great 
moment, for the Wimshurst will not excite itself unless 
the^hSld a certain position with reference to the direction 
of rotation. In a machine such as we are describing, each 
notttraliainj^rod, as seen firom the front of the j^ate swept 
by its brushes, ^should pgint like the hands of a clock 
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when marking “ S minutes to 5.” It will be seen^there- 
fore^that the*centres of the discs carrying the neutralizing 
rods and brushes will come centrally over the ends of 
lihe spindle which carries the plates. The machine requires 
some form of spark-gap arrangement, so as to regulate the^ 
length of the spaik given. For this purpose the nmst con- 
venient form is that of a piece of stout hard-drawn brsiss 
<i»wiare about «:n diameter and furnished with kL brass 
ball at each end; the length of this ‘"discharger” should 
be< about 18" long, the size of the balls 1" in difi?meter. 
When thus fitted with its balls, the rod sLonSl b6 
bowed, and then the extremities bearing tlie ^balls 
bent sharply inwards towards^ the convexity of ^ the a 
bow, in such a manner thalj when the centre of thp 
bow is resting on the tog of thea-standard farthest from 
the driving-handle of the machine, these two* balls 
touch the centres of the har^e balls oh the tops of the 
Leyden jar. With a rat-tailed file, a littld channel, rather 
lar^ than the diameter of the wire of the discharger, is 
now made along the top of the standard,, previously men- 
tioned parallel with the plates, c]|^n?r.el being lined 
with a little piece of "washleather, glued in ; the discharge 
ing-rod is laid in the channel at its centre, and hSld down ' 
firmly in place^by a little brass stjap, ^Iso lined with 
leather, being placed over the top of the standard, and 
screwed down at each extremity. This will allow the 
bowed discharging-rod to be approached or recede<l fjom 
the balls on the Leydeif^jars, and th^ packing should be 
sufficientljf stiff to retain the rod in my desired position, 
after adjustment. The plates must now obe sectored; for 
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thip purpose the operator will cut out 6® pieces of tinfoil, 
we^ge-shaped with rounded ends, each secllbr being IJ" 
lonjg, i" in width, at the widest end, diminishing to a fittle 
ov^ I" at the narrower end. He will paint over on^ 
sid^ of each sector with a light C(^t of “white hard 
VaitosJ^* and liftingmp each sector witlk the brush with 
which he applied the varnish, he will stick the sectors 
down en the plates, so that each plate will have a cirqjet# 
of thirty sectors on it, the smaller extremities pointing 
towarcfc the bentre of the plate, and tiie larger extremities 
1»waf^%the *edge, at a distance of about f'' from the 
^xtr^e*edge. The sectors should be equidistant from 
one ^otlmr, and great care should be taken that the line 
of their fop ecjgf s Terms ^ perfect circle. As it is well that 
the vafnish should be gpmewhat tacky before the sectors 
are stuck down on the plate, it Is advisable to apply the 
varnish tol^ix or eight sectoj^ before commencing to stick 
them down, anA then •to begin with the sector first var- 
nished, which by this time will have acquired a milky 
appeaiflnse. The sectors can be smoothed and pressed 
down with the"!jss^ance of small pieces of clean blotting- 
^per. <rhe 2" end of the spindle passing through the 
driving pulleys should be squared or furnished with a 
screw-thread, to enable it to take a handle not more than 
loi%. The machine can now be puf together, the 
standards glued in, and when dry will be ready for 
immediate work. Ffg. 27 represents the completed 
machine, from the side on which# is the dischai^ing-rod. 
Leather tbands must be arranged to convey the motion 
from the driving-pulfeys to^the driven bosses of the plates; 
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that on the handle side being an open belt or band, while 
tlie one on the other side must be crossed, as the plates 
must rotate in contrary directions. 

» § 29. The Transmitter. — ^Two forms have received attend 



Fig. 27. Wimshurst Machine. ^ 


tion ; the first is one in whicL two or more brass l^lls lire 
encloseddn a glass tube^ with vaselin| between the surfiwe 
of the balls, and with metallic extensions outside the tubA^-^‘ 
to put them in connection with the^ coil or ^Wimshursi 







do not recommend this form, as practically littlia is 
g^6(f by the presence of the vaseline, and it is much 
ire difficult to construct. The form we shall desdKbe, 
8ft|i which is shown at Fig. 28, is one due to Prof. Oliver 
dgd; slightly modified to suit our special requirements. 

• ‘Af piece of mahogjjny is cut and placed up 9" long,, 
3'^ wide; thict In * tfie centre of this is drilled a 
I holg, and at the opposite extremities^ at about 1"^,# 
two other holes of the same diameter are also drilled. 
A bra^ balb in diameter is sci^wed on a ebonite 
r^ aiioi\J If'^in length, and this is fitted in the centre 
^ hole, ^80 Shat the bottom of the ball clears the base-board 
%y abouj jjp inch. Two smaller brass balls, about 1" in 
diameterf are jiow*procuAd%and fitted by screwing with 
ttfo brass stems about fi^^long and in diameter. Two 
I'' cylindrical ebonite* rods now •have holes drilled trans- 
versely acfoss their upper extremities, at about from 
their tops, of sgch a •size as to allow the brass rods to 
slide in •them rather stiffly. In the centre of each of 
these dbcyaite rods, at the top end, is drilled and tapped a 
hole to admit the stems of*h, pair of telephone i binding 
%crews. ^These must screw down on j^he tran^erse brass 
stems. TJhese binding-screws serve two purposes — 1st, to 
connect the transmitter up to the source of electricity; 
2Sid, W clench •the transverse rods in pllice, when the 
smaller balls Tiave been adjusted at the desired distance 
from tSe central ball • Before firmly fastening the balls 


yvfth their ebonite i^ems in thei® position on the base- 
^osy;^ injio which they are cemented with a dittle hot 
ProuPs elastic glue, •the base-board should be polished or 
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varnished. The fcrass balls also (as, in fact, all the brass 
work of the Wimshurst machine) must be polished with 
the ^greatest care, and kept polished, since much of the 
success depends on the production of clean, sharp, 
snapping discharge^ ; and it is impossible to obtain such 
unless the sparking balls are kept mirror-like bright* 
ness. In using this instrument the terminals of boil, 

^ or^ those from the bottoms of the Leyden jars or the 
Wimshurst, are connected by means of heavily insulated 
wires (not touching anything on their fway) ^to the 



terminals of the transmitter. The lateral balls^ a^^e thdh 
adjusted ^to suitable distances tiom th^cenVal ball, which 
may vary from to 2" or more, according t6 ^he spac^ 
which has to be traversed by the wave, 

§ 30. The Eeceiver consists of four essential parts, 
namely, the Jiela^, the Coherer , tlie ^^i^with its dt- 
coherer, and the Batteries. To make the relay the 
operator will cut a sufficient number of lengths of'^Noi 22 
soft iron^ wire, to make(iip into two btundles IJ" long' and 
f" in diameter. He will either turn up oiit of oboxwspod 
two small bobbins 1 V' long, in (diameter at the heads 
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ana a| thin as possible in the body, •to fit ovOr these 
buidles or cores ; or, if he has not a lathe, he can miskke 
thJ tubes of the bobbins by rolling and gluing strips of 
paper to the same dimensions and fitting thenf 
wim circular ebonite heads, which can be glued on the 
ex^enfitjies of the^ubes.^ He will then procure and 
sqifare up a piece* of soft* iron 1" wide, IJ" long, thick, 
thibugh which he will drill two hol^ barely f'^ini 
diameter, at such a distance apart that if the bobbins 
previously described have their |Brojecting iron cores 
p«h^ iiito ffhese holes, the flanges or heads will just 
^ouch e^h other. In order to keep the bundle of wires 
cylinjJrjgaUwhile the bobbins are being made and wound 
with' wii€, th^^sfiould Be iightly bound round with a 
sfrip (St gummed pa^gj. The iron cores, having been 
inserted into the holes made •in the iron, should be 
fastened ifl place • permanently by soldering from the 
back^any excesa»of solder being afterwards carefully filed 
away. A little strip of thin sheet brass about thick, 
1^" loi%,and about wide, is soldered along one of the 
edges of the irdj, ^ future attachment to the base. The 
t^bbins rfihould now be wound veryjjarefully%nd evenly 
(each layar being separated by one tunf of tissue-paper) 
wil^h about 1 oz. of No. 36 silk-covered copper wire so as 
tiB" fori® an elect1f*o-magnet. Care must be^^aken that the 
wirp in passing from one bobbin to the other does so in 
the foitn of a letter 8 . About 3 " of the extremities of 
the Vires must be ^eft free, for after connection. Care 
muit bew taken also that the faces of the eron wire 
bundles which grojebt slightly through the bobbin-h^ide 
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should be filed pbrfectly smooth and level, and in^o the 
centre of tbai bundle or core which is to the left of the 
operator when the electro-magnet is lying flat with the 
brass strip downwards and farthest from him, he wifi 
force in a piece of Mo. 20 platinum wire, cutting it off so 
that it projects about above* the level of ^He face* 

of the iron bundle. A small iron armaiure must now be 
^made, f" wide, IJ" long, and thick. This naust be 
squared up very accurately and at the top extremity, at 
abeut tV"" l^wo smt.ll holes must be drilled'^m th^. edges 
to the depth of about These holes must be eiactJy 

opposite one another, so that if this armature ,>ver^ 
suspended by a pin inserted in each hole, it would 9)ving 
freely and hang perpendicufeirly. The diameter of the 
holes should not exceed tV* order to support this 
armature before the poles of the electro-magnet, a little 
brass bracket must be made, by bending a pie^e of brass 
thick and about wide into the shape shown at our 
Fig. 29, and of such a size as to allow the armature to 
swing freely between the jaws without touchiiJg. A 
sharp pin is inserted and soldered p^t upwards in thfe 
lower part ''of this bracket, and a fine metal §c»?ew, alsd 
terminating in a sharp point, is fitted in the upper 
portion, as shown in our Fig. 29. The armature can now 
be placed between these two points, and tlie lippeiP sore<5 
tightened until the armature can swing perfectly freely 
without too much play. A piecfe of vulcanized fibre, 
about 4'^ in diameter, thick, is ti?ken for a base,%ad 
the electromagnet, previously described, screwedodowj^ to 
this by means of two holes made in %he. projecting brass 
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Under the head of one of thesd screws, a loop of 
|o, 24 copper wire should be passed, to Serve for con- 
ation to a small telephone-terminal placed above and 
lither tor the left of the electro-magnet. The two firfb 
\^res (No. 36) forming the ends oft the electro-magnet 
u^indiSig, are brougift out ^ to the nearer semi-diameter of 
the base, and atlached in good metallic contact with two 
smalltterminals inserted in the base, at equidistant po^t« 
along its lower edge. The swinging armature is now 
tempejrarily^ put in^ position on the base ; it must> be 



^ Fig. t9. Bracket for Armature. 

adjusibd®so that the swinging iron plays in front off and 
exactly opposi^ l^e iron ‘cores, reaching jusfc Aelow the 
'lower Qfoie and hanging parallel with them, when it 
swings 90 far forward as to touch them. This position 
having been found, the place where the foot of the brass 
15fack?t stan^s^ should be marked. Two^small holes, one 
behind the other, to take two small screws, must now be 
drillecf through the %rass. The bracket can now be 
screwed in its p1ac«>, and under«>the head of ctte of the 
sciiews is c|ehohed a loop of No. 24 copper wif^, which is 
taken under the shank of^a second binding-sorew inserted 
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at the right-hand ®side of the fibre base, to tho right of 
tfie electro-magnet. We have now four connections on 
the base, namely, two above, by means of which a circfiit^ 
c&n be closed between the iron of the electro-ma^et 
and that of the armature and screw ; and two below,- by 
means of which Current can b<e sent^TOund the soila^ot 
the said electro-magnet. There only remains to put a 
|riatinum contact on the portion of the armature ei^actly 
facing the platinum point projecting from the lower 
eleoiro-magnet core. ^ To this end the screw ill the 
bracket is loosened, the armature removed, ancl a dP 
thin platinum-foil, about i" wide, and reaching from edge^ 
to edge x>f the iron armature, is soldered arsreray^the 
Armature, by its edges only, to such a position that the 
platinum-point in the centre ofcii;be lower core o1f the 
alectro-magnet shall surely strike the centre of this ‘strip 
of platinum-foil, when the ^rij^ature swings forVard and 
liouches the end of the electro-maii'gnet. The greatest 
Dare must be taken that no solder gets on the surface of 
Ihe platinum, and to this end no excess of solderi^ould^ 
be used, "for platinum sucks up nielt^ Si,o)der like loaf- 
sugar does water.^ Tbe swinging armature can now be, 
replaced, and the holding screw slightly tighteified. To 
obtain the best results, sufficient play must be left to 
iUow the armature to oscillate freely, but §it the same 
Sime there should be no lateral or up and down wobbKi^. 
k little brass pillar carrying a transverse screw iriSerted 
in the ba&e just behindcthe armature^ and in a line With 
Ihe lower ^ole of the electro-magnet, will ^ be« fofi^ 
ndventageous, as by screwing^ this up ^ any excesstvO^ 
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siwging or chattering of the armature can be prevented. 
Tlis relay must always be used in a vertical position^ 
wfch the armature hanging downwards.- (See Fig. 80.) 

|§ 31. A very good coherer may be constructed on ti>e 
"fi^lowing plan, which is, with the exception of the material 
u^* ^or the filing, the^ same as that adopted by Mr. 
L^lie Miller. *A piece of thin brass tubing (known as 



• ' Fig. 30.^* Completed Relay. 

triblet)^bout in diameter, tore? and in length, 

is cut and cleaned up carefully inside and out. Two little 
•ebonite caps %v stiJppers are fitted to this tube, one at 
each extremity. They should be made to fit tightly so 
as t^ exclude air as ftir as possible, and should not extend 
into the tube more than |ind should haye a little 
'' so as to project a trifle over the end%pf the tube, 
piecfe of No.* 18 platinoid wire^ about 4'' long, are 
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now selected, cledtied, and straightened out. Th^ ex- 
tremity of orfe of these pieces is to be bent into the 
shape*^ of a ring, of such a size as to encircle tightly the 
aforesaid brass tube. The caps are then pro tem, removed 
from the tube, the ring of wire, with its projecting end, 
slipped over the tnbe until it re^chesScaidway. The rjpg 
is then to be soldered neatly in this position to the tube, 
figidjtany excess of, solder carefully cleaned away, by scrapp- 
ing and filing with a fine triangular file. Through the 
centre of one of the obonite caps a very fine hole ij now 
drilled, only just sufficient in size to allow the piajjiiioitl 
■vvire to be pushed in with difficulty. The wire shbulA be, 
pushed so far through the cover as to projecti-J'ij^bove 
the level of the inside, anch then the Joager ' portion 
remaining on the outside of theis^yer should be' bent 
twice at right angles, the first bend being as clo»se as 
possible to the cover, and fhe second bend at about 
I" from it, and parallel to the piece px^ojecting from 
the inside. A piece of ebonite, about thick, is 
now cut into the shape of a lozenge, 4"^ long at its 
greatest length, and about wide at itg, narrower portion. 
Through the centre this lozenge is made a 4iole of 
suflScient size to allow the tube to fit tightly ii?. Near 
the longer extremities of this lozenge, ecjjiidistant from^ 
the central hole, two small holes are drilled into whi^ the^ 
platinoid wires can fit tightly. One of these wires, as we 
have already mentioned, should be bent twice at^right 
angles; nftw the cap beating this wirojshould be fitted in 
the tube, With its bent wire on thg side b| the ttfte 
opposite to 'the straight wire projecting /rom the tubo 
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it|el£^ This latter wire is now bent ftp parallel to the 
wffe to the lid, the amount of bend given* to each wire 
bfing such that the free extremities of the wireS will 
biiter with a little coaxing into the holes made in iim 
t^o comers of the ebonite lozenge. ^The platinoid wires 
04^1 bent convgi^iently with the assistance of a small 
pair of flat-noseH pliers. The lozenge should now be slid 
down^the wires until it arrives to thj tube, and tjieg 
pushed over the tube until it reaches the centre, where 
the ri|ig of {)latinoid wire is soldered to it. At this ppint 
the^wirfts af^ once again bent at right angles over the 
Joz^ge^o as to project straight out from the tube to a 
distapff^e <jf about 3 " on either side of the tube. It will 
be undetstoq^ thftt the •lozenge is only fitted to the tube 
’to im^rt a certain ajjjjpunt of rigidity to the connecting 
wires; We have therefore no’!^ a metallic tube in direct 
electricals connection with one wire, but insulated from 
the other wire,*whiclf passes some little way up its centre, 
by the ebonite cap. This latter cap will form the bottom 
bf thh 45oherer. At this stage the operator will clean, 
most scrupulously^ the in^de of the tube and t^e project- 
ing end * of t^e platinoid wire, b j rubbing round the 
inside vith a little stick such as a ma?ch, covered with a 
bit of washleather. He will then put sufficient coarsely- 
^owdfered meJallic ^antimony into the 1fb.be to reach a 
little over half way, but not touching the upper cover 
when* this latter is inserted, which it should be at once. 
Ttte antimony for tj;iis purpose i%the ordinary Qpmmercial 
ni^tal, but dean and freshly fractured pieces jjfeould alone 
t(sed^ afid th© hbnds of the operator should be clean, 
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and aipve aU things perfectly free from grew or per- 
spiration, as* these are fetal to the eflScienoy of tho 
coherer, if the antimony imbibes any. The siase of ^tho 
8.ntimony powder (or other filings) is of some importance! 
If very coarse, it ^ conducts too freely, and does not 
decohere so readijy ; if too fine, it pr^^nts a great tesist- 
ance,and requires both more stimulation *from the electric 
^ave and more battery power to enable it to \york^satish 
facWily. Two little sieves should be made for the 
puiyose of obtaining the correct size of antimqpy or 
other filings; one made of ‘copper-gauze? haj(ing> ^ 
meshes to the linear inch, the other having ^nlj^ 32 
meshes to the linear inch. The clean antimqgy, Jiving 
been put in a clean iron mqirtaf, is reducec^ to ^ coarse 
powder with a clean iron pestle^nd then thrown bn this 
finer sieve. What passes*through^]?a^ must be rejected , 
as being too fine for oui; purpose. . The ren^ainder is 
placed in the second sieve, and the gr^ns which can 
come through these coarser meshes will be of Suitable 
size. It is neither necessary nor advisable to pp\ 9 der & 
large quajqtity of the antimony® ^t a timfe,*!8ince it works* 
much betted* when it has not been l(^g expos6(^, to the ® 
atmosphere, notvfithstanding the fact that antynony ifi 
not readily oxidizable. The coherer is now complet^ 
and ready for 6*00000^00 to the relSy, et^ We pifesenlP 
our readers with an illustration of this form of cohere^, at 
Fig. 31 , where the tube is shown iif section in ord^ that 
the positiipn of the filings may be clearly seen. Another . 
ferm of CQ|(erer is that devised by tlie author^ for 
where very great delicacy and a greatf'range o^sensitiyhf 
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ness is^ required. This consists of a dumber of brass 
tubes similar to the one previously described. ' Each tube 
is closed' at the bottom by a brass cap soldered on, from the 
cehtre of which projects a short piece of No. 18 platinoid ^ 
wire, the upper extremity of each tube being closed as 
before Vjth a tighU/-fittiijg ebonite cap, through the 
centre of which passes a piece of similar platinoid wire, 
reaching to. within about of the bottrvn of the litt^ - 
brass cell, the other extremity projecting outwardly from 
the centre of the eboqite cap. Each ^ tube is about hdf 

7 '^ - > 



filled with4he anti^mony powder, as in the case previously 
^^described, with, ^ow|yer, this difference, namely, that each 
tube has powder of a different degree qf fineness in it, 
Jbeginningewith that of an almost impalpable dust, and 
increasing in coarseness till it reaches that which will 
pafe through the 32-mesh sieve already mentioned. A 
‘ convenient number of these tubes is seven. A triangular 
frame ot brass is* now prepared, one portion of which is 
^mad# by cutting a ]^ece of hard «Bheet brass abbut 
^'^fei^into the shape shown in our Fig. 32, A; the^ther, B, 
of j^isely tne s^me shape^ but double instead of being 
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a single piece ; In other words, three pieces of bjass are 
required ; t5n small holes are now drilled through the two 
pieces forming the lower half, B, of the frame, those ^ilong 
the lower edge being equidistant. These holes are to \)e 
fitted with very iine screws and nuts to bolt the two 
pieces which foum the lower ^half ^the frame .together.* 



^g. 32. Frame for MultiloQjilar CoJiorer. 


« 

In the upper half of the frame, A, only two holes are 
required, and these must also be fitted with scifews and 
nuts. flThe quickest way to mdke ^lese latter is to tun a ^ 
short Idi^th, say three or four inches, of No.. 16 Jiard- 
drawn brass wire through a si^itably siz^ hole m a screvr- 
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plate, 6^d then cut off portions of the screws thus pro- 
duced of suitable length (about to f"), and then, in a 
^ 0 . 16 gauge brass strip, drill and tap 24 holes about 
I"*" apart. When these holes have been tapped with a 
screw-thread, so as to fit the screws jicst made, the strip 
cia be ci\J; up into liUl^ squjires or hexagons to form the 
nuts. A piece of '’ebonite of the same thickness as the 
brass -4ois now fitted between the portions© C and D (se^ 
Fig. 83) by four of these nuts and screws. The ebonite 
strips sleould Separate^ the upper and^ lower portions of 
the«Ar^^me«by Ubout at the points C and D, They 
sej[ye,^t ofie and the same time, to connect them together 
fnechaqipalljs^nd to insulate them electrically. The frame 
being thu^ joii^e^ tbgether, tke operator proceeds to lay 
the* seven coherers in ggsjiion across the frame, as shown 
^ our Fig. 33, at equal distances apart, with their tubes 
% a line witti C and® J9, the ebonite caps looking upwards 
towards the soldered*’ wires reaching downwards to B, 
The equidistant position being marked on the frame, the 
wires prSceeding from the ebonite caps of the coherers, 
,^nd resting on 4 , aigp soldered in the positions marked, 
ady wire projecting being cut off, and all ^xcess of solder 
being careftilly and neatly filed away. One precaution is 
here necessary. In order to get the best results, those 
tuljes ciJhtaining the finer filings should be at the nar- 
rowei* end of the frame ^ those with the coarser should 
be placdfl at the wider extremity. The screws and nuts 
on tKe lower base o^ the frame are then looseilfed, the 
wires»lrom the* lower ends of the tubes slipped%i their 
places, cut off flush wfth the edges of the bar, and then 
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uidfes. Th^e are W serve as connections io^ i«lay> 

lell, tc. , 

2*^ I It is hardly advisable for the amateur to construct 
Ilia <|vn. bell, since electric bells can be bought so good 
aijd |o cheaply as to render it practically impossible for 
any Ipe ta make a bell that shall compete in efficiency 
with| one costing three or four shillings only. Two or 
three precautions, however, should be obserw3d in choosing 
the bell. 

1st. The size should that known Is gong. • 
contacts must be platinum. 

5rd,«The winding should be No. 26 silk-covered copper 
j^ire. ^ 

The purchaser should notic^ that the bell rings freely 
if held vertically again^i %all, wjth the gong uppermost 
the ‘hammer downwards, when actuated by a small 
cell, about 4'' by 1 J", or hy a bne pint Leclanchfe cell. 
Having selpcted a*bell answering these requirements, the 
operator, holding the bell in the position last described, 
namely, against a^’v^all, or other flat vertical surface, with 
i^gong lookir^ uj^arcjs and the hammer downw^itids, will 
rhake a stratch or other mark on the cuitface of the ball 
wbf^ sei’V€ii as the hammer at a point opposite the ground- 
linejMlmt is, peij/endi^ularly downwards. Jf the ball of 
^th^ell can undrew, he will then unscrew it, and drill and 
tap a. holA at the spot marked, of sufficient size to take a 
piece of {To. 1 6 hard brass or platinoid wire on which a 
^crew-thread has bee» previously dht. If the bill will 
not uliBcrew,^ ^ little blpck of wood may be placed Ifetween 
th^,^ ball and the ^gong, anc^ the hole drilled and tapped 
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while the ball ^ is in position on its stem. The^iece of 
wire having been inserted into this hole and screwed 
tightly home, any excess over 1" should be cut oflf ^ith a' 
pair of sharp-cutting pliers. It is needless to renisS'k, 
that if the ball been removed, for facilitating drilling, 
etc., it should be replaced and screwed up agaiij, '|)revious 
to inserting the 1" length of wire. Tfeis projecting 1'' of 
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Fig. 34. Bell with Decoherer. 

<> « " - 

wire foorpis the decoherer. We give ^lustration of the 
bell fitted with its decoherer at Fig. 34. 

§ 33. The batteries required in these expe^ments ,wi|ji 
vary somewhat with the nature of the experiments ti^em- 
selves. Between the coherer and relay one, or^%t l£Jost 
two, ordinary dry cells, standing about 6'^ by 2", wfil b^ 
found ample, or a single pint Leclanchfe may be substituted. 
The biSttery between 4he relay and^jjhe bell may als6 be a 
LeclanA^, or dry cell ; but if, instead of ringing a l^ell, it^ 
be desired to light a lamp, or fire a^^fuse, the cattery power 
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neec^^jvill be greater. For firing fuses, or any explosive 
.^xpe|riment in which a low-tension fuse is employed, a one- 
%int|( 3 hromic acid cell will be found generally useful. 
lf| however, it is intended to use the apparatus to light 
a lailip, or to drive a motor on the reception of the wave, 
i£ w^ be^necessary to Employ batteries ofisufiScient power 
to do the work. For instance, if it were desired to light 
a lamp of 16 volts 5 c.p., eight small accujnulators must 
be put in circuit with the relay and lamp (the bell of 
course being ctit out <^f circuit). If ft were intended to 
use<?fite3 rspeiVfer to start a ^ horse-power motor into 
Sc^io% tli8 motor taking, say, 10 amperes, at 20 volts 
Jf)ressui^ the^jj^ 10 accumulator cells arranged in series and 
capable of^viiag ^9 amperes for the required number of 
hours* work, will be ne^d, 

34.* For the benefit of those who have not had any 
e^xperience ^n fitting togetj^er '•thd different pieces of 
apparatus, we subjoin a few instructions as to the best 
method of^so doing. Two pieces of mahogany, 12" long, 
thi2k, ajffl 8" wide, must be planed up and polished, and 
one piece attacj)|(f ^pngthwise across the middj^ of the 
dther, byjb^o screws passing through otfi^ centre of the 
Ipw^r board, into the centre of the edge of the upper 
boam The result will be similar to a letter upside 
do^. %or facility of description we will cafl the horizon- 
tal board the base^ and the vertical board the plank. We 
begin hf inserting two cylindrical mahogany pegs, pro- 
trudiftg about IJ" fjpm the surface^ into the pink, at 
about||,|" from' the base, and IJ" in from the4ipposit« 
edges of the pla^k. These pegs should be about f " in 
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diam^fcer, and sliould be constructed of mahogany^ having 
a channel or groove near the end farthest from the plenk. 
These serve as supports for the rods which are as 
“wings” or syntonizers. A pair of similar pegs; f"^in 
diameter and protfuding f ” from the level, are now inserted 
in the plank, the height of the centres of these h^5n|f 
from the base, and the distance from the edges of .the 
flank being 3'', so that there is a space of 6" (dear be- 
tween the centres of these two latter pegs. Into the middle 
of these two last-inentioned pegs are drilled (holes of 
sufficient size to admit of small “ telephone ” tel^nmals 
being screwed, one in each. In the peg to the ng^t, |h? 
hole should be continued until it reaches to Jthe oj^et side 
of the plank. The termii^als are nbw s<?^ewed'in these 
pegs, taking care to insert a pi^n^of No. 24 silK-oovefed 
wire into the right-han^ hole (from the back of the plank)^ 
reaching to the front of'the.neg, where it makes one tuini 
round the shank of the terminal, vthich h then screwed up 
tightly so as to make good electrical contact with the 
wire. The student will understand that the end of this 
wire, tb^t has been pushed through tl?,e hqle, must have pre- 
viously been b^"*ed of its covering, to ensure this. Ahcf^ 
10" of the No. 24 silk-covered wire should beoallowed tg 
project from the back of the plank for future connec^l^ 
Under the shank of the terminal on the lefls-Mnrf^a 
is clenched a loop of No. 24 silk-covered wire, also l^ar^ 
when it passes under the terminal, and projecting^for S'* or 
4" to ifce left of tha peg. , ^ 

Tha%)herer can now be placed in its' ^itio|^ Fo/ 
this purpose the holes.in the terunnai^mi^t be sii^wod 
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rounds hy meana of a pin temporarily inserted in them, 
until |tney are in a line with each other. ^The milled 
jhead^ of the terminals are then unscrewed, and the two 
wTres ^hich project, one on either side of the coherer, in- 
sertecj in the terminal holes, when th© milled heads are 
tfght^a^ up, so thai the co|ierer*s wires he parallel to the 
base liith the brass tube thereof standing vertically in the 
centr4> the bent wire pointing downwards.^ We now pro- 
ceed to place the bell with its decoherer in position. If 
the bellobe fifted wit]^ hanging lugsHsit the back, these 
shoUiUb becjuns6rewed and removed. The bell should be 
Paid ofl. ^4 plank, with the gong in the centre, and the 
electrojmagoftt to the right, the tip of the decoherer (the 
piece of wire rpr<y Acting from the ball of the bell) just 
resting lightly on the ebonite cap of the coherer, or, better 
gbill, clearing it by about T^e position the bell now 
^oupies should be®lightly paarked on the plank. The 
bell is now temporarily removed, and two holes drilled 
from the ^ack of the plank, to the front, of a size suflBcient 
to &imit^bfJ;jbwo flat-headed wood screws, about 1" in length, 
passing through %l^e plank, and entering t^e wood 
frome of %€ bell. These holes should bevpountersunk at 
^he^ back of the plank, so that the screws when finally 
adj^ed may lie flush with it. The bell is then held in 
^#^j^fi/ftion previously marked, and the fcrews driven 
pome, so as to retain it in place. The relay can now be 
placed oii the plank to tfie left of the gong of the bell, at 
a1:;^u1fan inch from th^ left-hand edge of the pla|2k, and 
In a||p|eiiwith the centre of the bell. As the reliy must 
be o^^hle of^djustment, it is not to be screwed down to 

. 0^ ' o r 
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tl^e plaak, but •simply supported in the position above 
described, bj^ three cheese-headed screws placed at equal 
distances round the periphery of the vulcanized fibrq disc, 
two being placed below and one above. The screws Ae 
so set, that the disc rests on their shanks, while the heads 
project inwardlji, so as to clench sli'^lifly the edge^ of thfe 
disc. The screws are then tightened td such a poinf, that 
tjie disc is hel^ firmly against the plank, but ycl^ not so 
tightly as to prevent it being turned clockwise or counter 
clockwise without dtflSculty. To facilitate H)his njption it 
is well to put a little brass hahdle (a pieces of gtoult^ass 
wire) in the edge of the disc at the extreme ‘^ISfb^hand? 
The relay, when in its normal position, shoul^stand®on Sie 
plank so that the swinging lyarihature Liangs with its free* 
end downwards, and with the joke of the electrd-magiiet 
paralleled to it. When^in actior^he swinging armatures 
at the platinum contact*end^ should clear thep' lower *pol^ 
of the electro-magnet by about 

Four terminals should now be inserted in 'the upper 
edge of the plank, two on the right-hand side gnd two'*^on 
the left^he distance betweefueach terfninal of these pairs 
being about 1 between these two pairs of teriginals, aba 
on the upper edge of the plank, a neat leather st^p, f " wid^ 
about 7" long, and bowed up so as to form a handle, sl^nld 
be fastened ^ith a screw at each end. We can IS^w^^o- 
ceed to connect up. The wire from the lett-hand coher45f" 
terminal is connected to the ‘'right-hand lov^r relay 
terminal. Another wire is passed under the shank of the 
terminal to the extreme left of the edge of the planjc, ancf 
brought down and connected to Ih^ left-haifii lower relay 
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termii^l Another wire is taken from* the right-hand 
upper prminal of the relay, round to below the frame of 
’^the ^jeli, on to the lower terminal of the bell itself • 

• Awlher wire connects the upper terminal of the bell 
to thelextreme right-hand terminal op the edge of the 
■plankf^From the gedbnd terminal to tj;ie right, on tke 
edge' of the plank* proceeds a wire leading to the upper 
left-hapd terminal of the relay, All these wires should 
be coiled into rather loose helices, to allow for a lit^ 
play ne|;essitrffced by the movement of the relay. No. ^4 
silkpiieverjgd wire is convenient for this purpose ; it being 
\ijjdejstXdQ that all portions that enter into, or pass under’ 
the shanks ^of the terminals, must be bared of their 
covering ^and^cleatied to ^ ensure of their making good 
contact,* The last contac,t to be made is that between 
Jbhe right-hand cohere]^ terminal'and the inner left-hand 
kteritiinal oH the edge of the plank. To eflfect this we turn 
our' receiver roun^ so that tlie back of the plank faces us, 
and having straightened out the wire which we had passed 
thtougtt the back of the plank, we draw it transversely till 
it reaches the onTyTree terndUal left, which, while the plank 
it in thig,position, is the second termini from the right- 
-hand corngr. Having slightly loosened this terminal, and 
hamji the wire at this point, we loop it under the shank 
ofthe*ferminal; whicll is then driven hon^, and cut off 
any excess of wire. This last wire should not be coiled 
into a helix, but Ke flat bn the back of the plank. Lastly, 
we place a couple of dry cells of ajjy good make, |tanding 
abonjt 6" high and in diameter, on the ledge on the 
back of the^lank, on& opposite each pair of terminals, and 
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fasten them there in position by means of leather straps 
passing around them, which straps are secured ^to the 
back of the plank by means of a screw at each extremity. * 
, This arrangement will be found very neat and poi^bfe. 
To put the receive^ in readiness for action, it will duly be 
necessary to connect the wires from each cell to <ihe tei*-. 
minals close to it. The comp'lete receiver is illuslira^bd at 
Fig. 35. 



Fig. 36. Completed Receiver, 


§ 35. To use the apparatus described in the preceding 
sections/che coil with its tapping-key, oi*‘ the Wimshungtr 
is connected td'the transmitter, and arranged to give 
clear snapping discharges, the negative ball of the trans- 
mitter being (^earthed, and the positive ‘►'ball, bei:3gi^djh- 
nected to any metal rod pointing skyward; this latter ro^ 
being otherwise insulated. The* receiver is no|f plhced 


perfectly level, at any spot facing the transmitter ^>alls. 
By mean^ of ^the little brass handle, the .entire relay is 
slightly rotated on its axis,, until the swingfeg armature 
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Just cUsm the pole^ of its electro-magnet. The batteries 
are^thei coupled up to their respective terminals,- jmd 
notice y .taken that the end of the decoherer wire is 
perpendicularly over the centre of the ebonite cover of 
tjie coh^er, not touchipg it, but cleariifg it by about 
^ th^t Ilf the hamtfter-shaiA of the bell* be sprung and 
allowed to fly back, the decoherer will strike the coherer. 

This^juatment is essential, as, if the decoherer is tcD ^ 
^ far from the coherer, this latter will not decohere, and the 
bell wilPgo on ringings instead of giving a clear stroke, Ibr 
^ jaclffligjja^; on the other hand, if the decoherer be too 
close ko the coherer, the play of the bell-hammer will be 
Jnterfeied with, and the bejl will give a thud, instead of a 
clear ring. * The next step is 'k> put the receiver in tune 
with the transmitter. JPeginning^ at a distance of about 
"^0 feet TDetween the two instruments, a spark should be 
produced between the transmitter balls (V' spark should 
be sufficiejit at tMs distance). If the bell does not ring, 
two^ pieces of i" copper or brass-rod should be placed on 
the receivel’, rest^pg, on the wooden pegs, with their inner 
extremities beaming <«igainst the under portio’'^ of the 
\ 50 herer terminals. One of these rodij^ 15iay be earthed. 
These rods%re called syntonizers, or wings, and, for short 
di^taices, a coupje of ptair-rods will do vepr well. The 
^eiTwiU now ripg sharply, when a spark is passed between 
transmitter balls, facing the receiver. Should it not 
do so, the spark-gaps on the transmitter should be increased 
,pr diWnished until thie desired resuft is obtj^ined. ft must 
be noted th^t for ev^ry change in the capacify of the 
receivier^, effected J^y lengthening or shortening the wings, 
a correspoiid;^g change will bb necessary in tlie character 
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of the sparky which sets up the wave, at the transmitter ; 
anc^it by no means follows, that because a long spark will 
not set the receiving apparatus into action, that a*ve{y ' 
much shorter spark may not do so. 

The distance befween the transnutter and receiver may 
now be increased ad libitum^ but it ^pust be borne in 
mind, that in proportion as the distance increases, so also 
n&ust the spafk-gaps of the transmitter bo: increased. 
Likewise the lengthy of one of the “ wings ** §n the receiver 
aifd on the transmitter, respqctivefy, must increase with 
the distance, at the rate of about 10 feet p^^hel 
being understood that the other “ wings are tafesn 
earth. In order to avoid running down thobatteriles, or ", 
risking to polarize the rela^ it is advisable^ever to leave 
the batteries connected, ^vhen not ^f^ignal ling. 

. § 36. It will sometimes be found, when th|, coherer i«» 
very sensitive, or when rather heavy battery power 
used on the “ relay to bell circuit* thaf the dmhmnce is 
not perfect ; and that the bell or the Morse, instead gf giving 
ml's one char stroke for each^wave emj^Jted at^the trans- 
mitter, ^:11 give a rattle of strokes. Thfc, is due to the 
fact that, every> time that the armature (see^ Fig. 30)* 
touches the platinum tip of the electro magne% a minute 
induction spa}^, derived from the coils omthe bell,^ag^t, 
takes place ; and this, being close to the <K)herer, is suffi^ 
cient to aflFect it. To prevent this it is usual |o put a 
small condetfser (see Fig. 19), made up of half-a-^ozen 
sheets fcf tipfoil about lin. by lin.* sandwiched between 
paraflSneS paper, and placed in shuaat between the Tpillars 
bearing the contacts ; that is to say, the^extreme Jieft and 
right hand terminals at the®top of the relay. 
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RECENT IMPROVEMENTS IN WIRELESS TELEORAPHT 

§ 37. The ^following chapter is devoted to a description 
of receftt improvements in Wireless 'Jfelegraphy apparatus 
^gei10fal^^i wifti particulars of a few modern types of 
cahe«ers, and the application of tuning coils and capacities, 
with jftformuia for ascertaining wave lengths, etc. Although 
great strlfles%ha^^ been ma^ie in the perfecting of the 
various* systems of tr^smission and reception of waves, 
►practically nothing new has been Revised in the production 
•of these \9hves. If appear^ thsrt) the limit of perfection 
has been reached in ^e production of the high tension 
current, by means of alternating current generators and 
dynam8s,3a system which is a decided improvement upon 
the induction jjpil' qjp sparkf or wave factor. much so 
ft this case, that in nearly all ipc^^ern installations 
the gene^ting plant comprises a power-driven dynamo, 
deyeWing an ^alternating current of about 500 volts 
pf^ssiffe, which in turn passes through a^step-up trans- 
forpaer, increasing the working pressure to about 20,000 
volts. • * \ 

Perhaps it is unfair to the worl^ng commtinitj; to state 
that nothing 'hew lias been devised, as it^ha^not been 
without an immense amount of costly experimenting 
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that the presentif systems have been made so rolia^e and 
satisfactory. * The practice of recent years hai$ l^en to 
mabe improvements in portions of systems and peyffect 
details which were heretofore liable to occasional faiilures, 
so that at the pr^sqnt time it is possible to calculate and 
determine the amount of power r'feqpired, and area* 
and height of aerial necessary to despatch a message over 
a given distance. Furthermore it has been fountJ 
vastly importan? it is to have perfect tuning, and the use 
of inductances and Rapacities, which afford. the p%wer of 
syntonizing, have come rapidly to tfie fronit, fojj wil^i^ut 
these, wireless telegraphy would not be so reliabfe^asjit ^s 
to-day. In the earlier days the chief aim of the experi* 
menters was to devise a delicate cohereiv, biit recent 
experiences teach us that to have a very delicate doherer 
is no advantage, because ^it is so S&sily affected by any 
electrical oscillation, and therefore our mail? stations 
would be recording a large ^umbpr o^ useless signals, 
which might be sent inadvertently by amateur enthusiasts 
during their experiments. ~ I ® ^ 

Aerials. — It must be understood 'that any Vrire 
through ^ich passes an alternating currentf^ I'adiatea 
energy; now, if fffae alternations are not too Jjipid, the 
energy radiated is chiefly local, departing and returning 
according to th^ impulses of the curtrent. ^By incriMi^ 
the alternations, the rate of flow becomes fiercer, and before 
the energy radi^d has time to sditle, down and .flretum 
home, fresh intpulses catch them up and )iasten tflmn 
onward, ahd t\iB continues in proportion to •the strength 
of current imparted to the wire. • • 
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; this wire be supported or hung vertically and well 
insulated from all adjacent objects, and electricity im- 
paled to it, a simple type of aerial will thus be formed, 
which, unable to discharge the electricity as it is received? 
will amass a given quantity (the amofint being dependent 
upon*^e length gn^ diay^ieter of the gvire) until it can 
hjol3 no' more, tlien the charge will burst forth, emitting 
undul^ticms in the molecules of the atmq^phere. , » 

A single wire has naturally little capacity, so that the 
amouiit of charge it^can hold is comparatively small, mnd 
itfijifteld qf radiation is therefore limited. 

^ ]^oA ^his it will be gathered that the surface area of 
an aerial dqpides its caj>acity. In order therefore to in- 
crease tl»5 capac;jty, it is neogssary to add more wires to 
the mhin vertical we like branches of a tree, which 
should take the form of a or Y ” or » T or « W.'' 
It ‘has bSfen found* that tl^p clilster of wires must not be 
placed too close together, except at the foot or base where 
they join, as the charge in one wire is likely to affect that 
iif an Sdjacent wire. 

The norma^wavg lengtR of a single vertical aerial is 
from fivg^to six times its length, anAifiay be formulated 
thus:— * 

Wave length = 2 (Aerial in feet) x 3, 

be increased by introducing an inductance coil 
in fircuit ; this consists^of a few coils of Hgut wire similar 
to thatf of the aerial. It may likewise B^^ecreased by 
pla^ng a capacity in^ircult, this b^ng either nf th# Leyden 
jar diesign or Franklijji plate type. By these ^etos perfect 
tuning can%e effected, _ ^ ^ 
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In fitting up a sending and receiving station it is 
impossible to obtain the same conditions at each end, there- 
fore in order to place both in perfect syntonism with €;^ch 
8ther, both aerials must be fitted with tuning coils and 
capacities. So great is the importance of the introduction 
of the inductances and capacity j)laced in circuit wjfh the ^ 
aerial, that instances are known where *the addition or 
decoction of a single sheet of foil on the capacity; or a 
single coil of wire on the inductance, has made or marred 
the clearness of the sifnal. ^ • 

It is never advisable to add *more indiictfenc% thatois 
absolutely necessary, as by so doing the radiating ^8w^ 
somewhat reduced, but the inductance coils should by few 
in number and of large diamj^ter. As a g^nej^l mile long 
waves surmount obstacles better than short ones, hefice for 
long distances over undulating grou^, long aerials should 
be erected. • ^ • 

An inverted L-shaped aerial has tke poj^er of directing 
and receiving waves from the opposite direction to which 
the top horizontal arm points. An aerial fitteil %t iffs 
highest point with a movable a1:m canjb^ s^ng round to 
any desired positi^n^and thus enables messages e^signals^ 
to be transmitted to or received from ani^ desired 
direction. ^ 

It has bee# found that to transmit long diilan<!l 
signals, it is nofe. highly essential that tfie length of 
spark be great^j^w the voltage high,* so long as a sufficient 
quantity ciJrrent be pioduced to fullj charge the aerials 
firequently.* ff # ^ 

To such a state of perfection has^wireless telegraphy 
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attaiiced that many prominent car owners in America carry 
a wireless set on their d^rs, this furnishing them with a 
j^eady means of communication from country places to 
business towns. The aerial used is of the telescopid* 
.design, which can packed in a ^ery small compass. 
Foi; short distamjes botJh the ignitmn coil and the 
accumulators belonging to the car can be used with 
good Jesuits. * « * 

Liquid A^ial. — It has been found that a jet of water 
pump8d to the requisite height affords an excellent adrial, 
antPin^tte e^ent of a warship’s mast carrying the usual 
aerial, being destroyed by the enemy, a liquid aerial can 
be rSadily brought into^ction, when communication may 
be re-eslablfeha(f with sistii^? ships, without having re- 
course to erecting nj^w masts, ^.^tc. This system was de- 
vised *by Fessenden, and in order to obtain the necessary 
inductance in the* aerial 9 jrcuft, the metal pipe is wound 
in a spiral befoiiB reaching the jet, so that the coiled pipe 
\jith the water flowing through it, produces a similar 
effect as%in ind^uctance coil. An aerial of this description 
need not be^^xc^Uiively used for ships at war, but could 
%e usediRy our volunteers or infantry^i!^ manoeuvres, when 
nef^r a p«nd or river. 

Bl^e Dete(j|:or. — This consists essentially of the char- 
. acte^tic contact between a crystal of ^lena and cone- 
shaped piece of iron sulphide. Owing^ the fine adjust- 
ment lind pressure required between thes^^o metals, each 
orfe is mounted on^the short end*of a' lever^hile a micro- 
meter scr^w*acts the long end, so tl^t % very fine 
adjustment can be madg^ as in the case of Ihe electrolytic 
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opherer described m another paragraph. This detecffior is 
connected in Wries circuit with an inductance and a cpn- 
denser, one end of the inductance coil being earthed, whilst^ 
the other is taken to the aerial. A telephone is placed 
across the condensel and indicates .by sharp clicks the 
reception of signab. No batterjr is required in connection 
with it, and it is assumed that it acts as a thermo-coupler, 
an<^ that heat is^ generated by the high frequency alter- 
nating currents as the^ travel from the aerial through the 
detector, this heat in its turn producing a direct current 
strong enough to actuate the telephone. ^ 

Magnetic Detector. — The principle of this is an endfcss"^ 
iron band or wire running ovpr two wheels, similar 
to a band-saw, which passese through a^'kobBin contain-, 
ing two sets of windings. ^ At each end of the bobbin 
are mounted two horse-shoe magnets with similar *poles 
adjacent, so that similar polps stand over both ends 
of bobbin. The primary winding \^hich^is nearest the 
band is wound with 1 oz. of No. 28 wire, whilj thq 
secondary bobbin is wound with 4 oz. of No.^32. One end 
of the primary is taken to earthy whilst th€;,^^ther end is 
connected to the (aerial. The ends of the secrondary 
winding are connected to a delicate telephone. 

In action the band is kept revolving at \ytiiform sne^. 
and becomes uiagnetized at those portion^ under^'lhe 
influence of the ^prse-shoe magnets, but as the bahd 
becomes magneJfSied in opposition at the bobbin eu&s to 
its centre, |he^me is tootehort to allow;, of full magnetii^ 
or fufl demaguftism to take place, owiijg to the hysteresis 
in the iron b^d. If, however, ^ this point a wave ia 
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imparted to! the aerial and p^ses thit)ugh the primary 
coil to earthj the hysteresis effect is nullified and with it 
a change ocfcurs in the magnetic field, which alteration 
*produces by|induction a flow in the secondary wire, Ok) 
pkcihg the 4ar to the telephone a distinct click ” can be 
beard? at eVely imgac^ of the wireless wf^^e on the aerial 
, Eleolrolytic Coherer. — A very sensitive form and 
one which id much used amongst amateurs for receiving 
long-distance signals, consists of a small glass cylinder 
mounted vertically. The bottoni? of the cylinder is 
clgi^d, and aoconducting Wire is sealed to it, so that one 
end j5l‘qects outside the cylinder, thus affording an 
exte^yial connection to the wire electrode, whilst the other 
end protj^ucigs th)‘ough the bottom internally and makes 
contacpt with a solution of one part sulphuric acid to 
10 parts water. Di|5ying into the solution at the top of the 
cylinder ts anothen piece of fine wire known as Wollaston 
wire, the gauge^pf wiiich ^lould be 0 002" diameter, and 
is best Sealed into another small glass tube, so that its 
alfttivePpgojecting surface is not more than 1/32" This 
electrode should be mounted on a lever, with a fine screw 
.^djustmeixt, m orefer that it may e^^^ily be raised or 
jiowered into the solution l/5000th of an inch or less by 
turn of the screw. It is most essential that this 
aJ^^U|^ent be®* well fnade, as the successoof this coherer 
^de^nds upofi the amount of contact ^e top electrode 
makj^s^with the surfacd of the’ solution. 

A, modification of this coherer jis made \^dissolving a 
little tin in -mercifry and placing the arimlg^-m in the 
cylinder, Oft the lowlr electrode and under \ne acidulated 
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solution, tlius fortning a layer of amalgam betweegi the 
two. This form of coherer, owing to its electrolytic 
properties, is self-decohering, and therefore does not require 
a ** tapper back ** or any mechanical vibration imparted ttf" 
it, but in view of the nicety df adjustment required in 
first installing, it is not easily adaptable for portable sets, ‘ 
nor can it work Satisfactorily where there "is any vibrafion. 
Yet it is an admirable coherer for picking up signals, 
particularly if used in circuit with a battery and a telephone 
wou 2 ;id to a high resistance of about 10,000 oRms. 

Marconi Coherer. — This consists of a glass tube moused 
horizontally. It is about long by 1/10" ‘internal 
bore; into each end of the tube are fitted silver c,rods, 
which must fit the tube exactlj', so a§, to jpre^fent the 
nickel and silver filings escaping around the rods.^ The 
internal faces of the silver^ rods are \>Urposely filed off at 
an angle, so that when slid into the centre of c,/he tube, 
a V gap is formed. The distance ^between the nearest 
faces of the rods should be about 1/30" to l/50f' which 
will vary according to the size of filings used. t«Arnii% 
the tube round the sensitiveness of the ^coherer can be 
varied, as more or less surface is presentecfHo the filings^ 
These filings consist of 95 parts nickle to 6 part^ oj, 
silver. v ,, ^ 

The Italian If avy Coherer. — This resembRs the 
coherer, but instead of being fitted with silver '^Jfods 
these are repj^d by carbon rods, and in pkiCe'of 
filings a gloj^e of mercury is used. Unlike the ^Ung 
coherer tng imircury and carbon only'" cohere during the 
reception of J^aves, so that it is an tfutomatic^^decoherer. 
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This^type is. also used with a telephone and a slight 
buzzing noise is heard, which of course can 'be of long or 
sh<jrt duratioii so as to form a code for signalling pur|)oses. 
With a simil^ coherer Marconi first heard signals across 
the Atlantic. • • 

lollge-Muirhea^ (Joher^r. — This conjists of a small 
steel disc with* a keen smooth edge, revolving over a 
vess^ containing mercury, on the top of which is a film of 
mineral^il. Either the disc or the vessel is fitted witli a 
mean# of a3justing^the depth the^dge of the disc*dips 
inii^ the^meicury, and owing to its great sensitiveness a 
siingleTDaniel cell is sufficient to actuate it properly. It 
is generally used with a syphon recorder, and not in 
connectkn ^ith#a relay or telephone. The film of oil 
prevents the disc touching tne mercury, but so soon as a 
wave* strikes the aSrial to w^ich the revolving disc is 
connects^, the ineulating film»is momentarily destroyed 
and the signal ^gcor^ed. 

At tl^e time of writing it has just come to the 
ifotic§,o| the writer that the Eiflfel Tower is to be fitted 
with wireless hfrparatus ki order to send messages to all 
^vessels provided with receiving setj^o enable them to 
,|;ecfepn tjieir longitude, and thereby ascertain their exact 
]^^ij|ion without having recourse to chronometers. The 
Iferv^ will b^ mad8 regularly every nigkt, and owing to 
the 'extremely long range of the Eiffe|Tower as a trans- 
m*itti»g station, it is SxpecteH that th^Wrangement will 
piK)ve of great assistance to maripers, as tOT|e signals are 
to be transmitted— at 12, 12.2 and 12:4. 
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§ 232>. In 1894 Al^b6 L. Michel found thiit he(, could 
transmit a message for about three-quart€j*s of a ^le 
through ordinary soil, by making use of the arraa^^ment 
shown at Fig. 36. A battery, B (say of accumulators) haa 



®ther pole beina^nnected by mean's of a tapping 
59 a lower stp^'^m of soi| of good coniuctivity sepaiut^cl 
1i*om the uppemlayer by a stratum of inferior conduiitiy|tyi 
In like mannq/^ at the receiving end, tl^e two tefmitiajs of 
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a tellphone weire respectively connected to /in upper and 
a lower stratum, as shown in the figure. In these ejperi- 
^meftts, as also in those undertaken by Strecker, by 
Rathenau and Rubens (neir Potsdam)^continuous (batteryj 
•currents only were ♦employed ; but Messrs. Tarbottan 
Armstfong and Alel Orliifg have shown*that it is possible 
to transmit intelligible messages to a distance of about 
twenfy-eiie* miles if intermittent (induction) currents® be 
employed. fl?o this end, at the sending station, there is a 
bakery and Jcey cohnected to a primary coil, one end of 
which isb^arthed to metal rod or plate. At the receiving 
^afion is arranged a similar earth rod or plate, connected 
to onb p^le'bf a similar’»secondary coil, the other pole of 
^hich*is connected either dif^ctly to a telephone, or to a 
peculiar and highly sensitive rtSay and thence by a local 
baiitery ^ a telephone or ever^ a Morse printing instru- 
4nent. The principal polbt of difference between the 
earlier ^odes o? wireless transmission through earth or 
vsater^nd the Armorl ” ^ system lies in the nature of the 
relay, by means* of whicji the very weak currents or 
“ waves ’^^tralFsmittSd are picked up ai^ utilized to throw 
^ local Battery into action. This device is known as the 
< *^^^i^OTl\lectro-capillary relay** Its mode of action is 
the ftlct, noiiced by Lippmann, tj^at the capillary 
,fo^|lt^istifig at the points of contact between dilute 
sulpbym'acid and mercury contained capillary tube 
ar§ by the passage of the weakest <^Went, or by the 

impEtct of the,8iight€st electric wave. So grlmndeed is the 
• ♦ 4 . A * 

^'From the ftames of th^inventors, .^irmstrong alU Orlin^. 



Fig. 3?? Armorl’s Electro- Capillary Relaj. 




^ ^syplion contaj6/hg mercur^, whidh tends to 
the vessel A a recip^nt, B, standing at a loWi^^eveJ# 
i^Hch coiAgiiii^ dilute sulphuric acid. Bub,- as 
trcmit;, ff, of I the syphon is drawn ouf into aa Sxbitmejy 
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fine ^ube, mercury, restrained iJy the capillary 
attraction of t|he sides of the tube, does not escape. If, 

, however, the ifinutest difference of potential exist or be 
set up betweei| the pointy/ (in electrical communication 
with the acid) and the point J (whicS is connected to the 
mejcusy), the mercury moves in the direction of the cur- 
rent set up. H!ence, if J be made positive, little drops of 
mercury will flow from the syphon, fall ,upon the en(^ of 
the lever, causing it to strike the screw, t^hus 
closing the circuit of a local battery,^ capable of working 
th€r Morae receiver, M ; or, indeed, any other signalling 
^parc^ius. Since the relay acts only when the wave is 
set ftp, no 2 decoherer is required. The vessel, JB, is 
simply ^kind of^Mariotte’s fl^k that serves to keep the 
mercury in ^ at a constant lev^l. The reader will readily 
understand that by tliese means ‘‘ tapping ** or other code 
, signals can be readily picked up by a telephone placed in 
circuit ^ith sue.* a lelay and local battery at the receiving 
end; but it is evident that the very trifling modification 
inutile vl)lume of current, that could be set up by speaking 
into a transjjiitter at the fibndirig station, would not suffice 


®to gif ^^dible spoken’* signals at thnSreceiving telephone; 

in the sense of being able to reproduce spoken 
^^^^'jieithsr the Popoflf, the Fessenden, or the Armorl 
can^ be wifti propriety termed ^adio-telephonic. 
ripple arrangement impressed the lay mind of 
an oifif^l^Jpjli^rver may be gathere^frbm the following 
^ a writer to the^^a'i^(7Aro7ii(jie. foir 
October A ^small battery (Ittai with the 


ordinary appam&S Myse code), and 



132 APPENDIX TO « WIRELESS TELEPsIbNY” 

• 

a telephone transmitter, were put up in a small she^. A 
thousand yards away there was another shod with re- 
ceiveis for both code and telephone. Messages were sent, 
jnd a conversation (?) was held through the solid earth. 
The only apparatus was the tran'&mitters and the receivers, ' 
and a bar of iron driven six feet into the ground, ofitside ‘ 
each shed. The whole cost o? the apparatus would be 
five or six pounds. So far, it has been found to^work 
up^to distances bf three or four miles. But thh is not 
all.*^ Our discoverers l.ave found that their current oan be 

C d , 

sent through water, as well as Ihnd. At a (distance oi a 
thousand yards, yesterday a model torpedo was st^Ored^l^ 
means of an electric current that passed through both air 
and water. There was somethin| uncai^y ip s^ing the 
rudder moved at will by fio visible agency. The dis- 
coverers claim that they cati fit ships^with their apparatus, 
so that they can communiciate with each other at^xiistances 
of from ten to fifteen miles, with^othiyg but a small battery 
in each, and a couple of wires dangling over tfie stern 
into about ten feet of water.” (See pp. 14 and §3^' • 

§ 23c. Previous to the ‘publication of the above, Mr. 
A. F. Collins, of J^hiladephia, announced fhatohe hai 
succeeded in sending telephonic messages, without 
and without sky rods. An ordinary tripod stand, 
sending station, has placed on it a® boar(f or 
foot square. On this are two induction coilsj an 
microphone tr^i^^itter witJh its liccessories, s^«tbrW 
pieces of copn.^^ sheet or^“ condensers.” On l^pniis 
placed a batt^^y or accumulator givi^i,^2t^*1l^l^ This 
battery is conj^ected up to tbjSl^^boils tn^pslSLiltei:', one 
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pole which is earthed to a zinc screen? or grating. At 
the receiving end is a similat tripod, bearing battery and 
telej^hone (it tis not stated that there is a coherer, thdugh 
this IS probable). One pole of the telephone is earthed too 
a zinc screen or grating, sifcailar to that employed at the 
sendiil^ extr^mity.^ Signals can be he^d for a distance 
of. a* mile between the stations. 
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